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Description 

FIELD OF THE INVENTION 

5 The present invention relates to an ethylene polymer and a process for preparing the same. More particularly, the 

invention relates to an ethylene polymer having a high swell ratio, a narrow molecular weight distribution and a small 
proportion of long-chain branches, and to a process for preparing the same. 

BACKGROUND OF THE INVENTION 

10 

Ethyiene polymers have heretofore been widely used as materials of hollow molded articles, extrusion molded 
articles, films and sheets. The properties required for such ethylene polymers vary depending on the use of the polymers 
and the molding method thereof. For example, an ethylene polymer having a high swell ratio must be used for producing 
bottles having a good shape of pinch-off scar or hollow molded articles having a narrow thickness distribution by hollow 
is molding, 

Ethylene polymers prepared by the use of Ziegler-Natta catalysts such as MgCI 2 -carrier support type Ti catalysts 
are excellent in rigidity and impact resistance because almost no long-chain branch is present therein, but they are 
inferior in moldabilify to ethylene polymers prepared by the use of Cr type Phillips catalyst. On the other hand, the 
ethyiene polymers prepared by a high-pressure method or prepared by the use of the Cr type Phillips catalysts have 
20 a higher swell ratio and higher moldability than the ethylene polymers prepared by the use of the Ziegler-Natta catatysts ; 
but they are deteriorated in the rigidity and impact resistance due to the presence of the long-chain branches. 

Under these circumstances, there have been made various studies on the ethylene polymers which are prepared 
by the use of Ziegler-Natta catalysts and are excellent in moldability. 

For example, Japanese Patent Laid-Open Publication No. 12735/1980 describes an ethylene polymer which is 
obtained by blending an ethylene polymer prepared by the use of Ziegler-Natta catalyst with an ethylene polymer 
prepared by means of a high-pressure method. Further, Japanese Patent Laid-Open Publication No. 36546/1985 de- 
scribes an ethylene polymer which is obtained by blending an ethylene polymer prepared by the use of Ziegler-Natta 
catalyst with an ethylene polymer prepared by the use of Cr type Phillips catalyst. However, although these ethylene 
polymers are improved in the moldability, the rigidity and impact strength inherent in the ethylene polymer prepared 
30 by the use of Ziegler-Natta catalyst are deteriorated because the proportion of the long-chain branches is increased. 

Further, Japanese Patent Laid-Open Publication No. 89341/1984 describes an ethylene polymer which is obtained 
by modifying an ethylene polymer prepared by the use of Ziegler-Natta catalyst, in the presence of a radical initiator; 
and Japanese Patent Laid-Open Publication No. 164347/1984 describes an ethylene polymer which is obtained by 
modifying an ethylene polymer prepared by the use of Ziegler-Natla catalyst, with maleic acid. Also in these cases. 
35 however, although these ethylene polymers are improved in the moldability, the rigidity and impact strength thereof 
are deteriorated because the proportion of the long-chain branches is increased. 

Furthermore, Japanese Patent Laid-Open Publications No. 1 58204/1 982 and No. 106806/1985 describe ethylene 
polymers which are obtained by the use of a specific catalyst, have a small proportion of the long-chain branches and 
are excellent in the moldability. However, these ethylene polymers have large values of Ww/Mn and Mz/Mw and include 
40 a polymer having a molecular weight extremely larger than the average molecular weight Such a polymer causes poor 
appearance of its molded article such as fish eye in many cases. 

Still further, Japanese Patent Laid-Open Publication No. 1 30314/1986 describes an ethylene polymer excellent in 
moldability which is prepared by a multi-stage polymerization process. This ethylene polymer has a broad molecular 
weight distribution thereby to include an ethylene polymer having a molecular weight extremely Sargerthan the average 
4$ molecular weight, resulting in poor appearance of the molded article such as fish eye. 

As described above., there have been made earnest researches on the ethylene polymers which are prepared by 
the use of Ziegler-Natta catalyst, are excellent in moldability and can be molded into articles excellent in mechanical 
strength and almost free from poor appearance, but any ethylene polymer having such properties was not found. 

JP-A-4-21 8 507 discloses the production of olefin polymers by using a solid titanium-containing catalyst. 
so WO 93/08221 discloses a substantially linear olefin polymer having: 

a) a melt flow ratio, t 10 /! 2 , > 5.63, 

b) a molecular weight distrib ution, M^/M,,, defined by the equation: 
56 M w /M n < {l 10 /f 2 )-4.63, 

and 
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c) a critical shear stress at onset of gross melt fracture greater than 4 x 10 6 dyne/cm 2 . 

EP-A-0 575 123 discloses an ethylene copolymer having certain density, melt flow rate, melt tension, flow index 
and decane-soJuble portion. 

s EP-A-0 588 567 and EP-A-0 587 365, both constituting prior art according to Article 54(3) EPC, disclose ethylene 

copolymers having certain densities, weight average molecular weight, intrinsic viscosity, melt tensions, flow index, 
and decane-solubJe portion. 

The present inventors have studied on the ethylene polymers which are prepared by the use ot 2iegler-Natts 
catalyst, excellent in moldability and can be molded into articles excellent in mechanical strength and almost free from 

w poor appearance. As a result, they have found that an ethylene polymer having a density and a melt flow rate (MFR) 
in the specific ranges, having a specific relationship between a melt tension (MT) and the meit flow rate and having a 
molecular weight distribution Mw/Mn, a molecular weight distribution Mz/Mw, a g* value indicating a proportion of long- 
chain branches and a swell ratio all in the specific ranges is excellent in moldability and can be molded into articles 
excellent in mechanical strength and almost free from poor appearance. The present inventors have also found that 

^5 such an ethylene polymer as mentioned above can be prepared by the use of an ethylene polymerization catalyst 
containing a specific solid titanium catalyst component. Based on these findings, the present invention has been ac- 
complished. 

OBJECT OF THE INVENTION 

20 

The present invention has been made under such circumstances as mentioned above, and it is an object of the 
invention to provide an ethylene polymer which is excellent in moldability and is capable of molding an article excellent 
in rigidity and impact resistance and free from poor appearance such as fish eye. It is another object of the invention 
to provide a process lor preparing the ethylene polymer, 

25 

SUMMARY OF THE INVENTION 

The ethylene polymer of the invention has the following properties (i) to (vii) that: 

30 (j) the density is in the range of 0.94 to 0.98 g/cm 3 , 

(ii) the melt flow rate, as measured at 190 °C under a load of 2. 16 kg. is in the range of 0.01 to 100 g/10 min, 

(iii) the melt tension (MT) and the melt flow rate (MFR) satisfy the relationship represented by the formula: 



logMT < -0.4logrvfFFI + 0 75. 

(iv) the molecular weight distribution Mw/Mn is in the range of 3 to 8, 

(v) the molecular weight distribution Mz/Mw is in the range of 2 to 5. 

(vi) the g* value, which is an index of a proportion of long-chain branches, is in the range of 0.9O to 1 00, and 

(vii) the swell ratio is 1 .35 or more. 

The ethylene polymer of the invention is prepared by the use of an ethylene polymerization catalyst comprising: 

[I] a solid titanium catalyst component obtained by the contact with each other of oxygen and a solid titanium 
organometailic compound complex which is obtained by the contact with each other of 

(A) a solid titanium composite containing titanium, magnesium, halogen and a compound having at least two 
ether linkages present through plural atoms, which is obtained by the contact with each other of 

(a) a liquid magnesium compound having no reduction ability, 

(b) a compound having at least two ether linkages present through plural atoms, and 

(c) a liquid titanium compound, and optionally 

(d) a precipitating agent, 

wherein at least one of the components (a), (b). (c) and (d) contains a halogen-containing compound, 
and 

(B) an organometailic compound containing a metal selected from Group 1 to Group III of the periodic table; and 
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[II J an organometallic compound catalyst component containing a metal selected Irom Group 1 to Group HI o1 the 
periodic table. 

The ethylene polymer mentioned above is excellent in moldabiJity : and a molded article obtained therefrom is 
S excellent in rigidity and impact resistance and free from occurrence of poor appearance such as fish eye. 

The process for preparing the above defined ethylene polymer of the invention comprises riomopolymerizing eth- 
ylene or copolymerizing ethylene and other olefin than ethylene in the presence of an ethylene polymerization catalyst 
comprising: 

io (I) a solid titanium catalyst component obtained by the contact with each other ot oxygen and a solid titanium 

organometallic compound complex which is obtained by the contact with each other of 

(A) a solid titanium composite containing titanium, magnesium, halogen and a compound having at least two 
ether linkages present through plural atoms, which is obtained by the contact with each other of 

16 

(a) a liquid magnesium compound having no reduction ability 

(b) a compound having at least two ether linkages present through plural atoms, and 

(c) a liquid titanium compound: and optionally 

(d) a precipitating agent, 

20 

wherein at least one of said components (a), (b), (c) and (d) contains a halogen-containing compound, 
and 

(B) an organometallic compound containing a metal selected from Group I to Group III of the periodic table; and 

25 [||j an organometallic compound catalyst component containing a metal selected from Group I to Group III of the 

periodic table. 

BRIEF DESCRIPTION OF THE DRAWING 

30 Figure is an explanatory view showing steps of a process for preparing an ethylene polymerization catalyst ac- 

cording to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

3fi The ethylene polymer, the process for preparing the polymer, the solid titanium catalyst component lor ethylene 

polymerization and the ethylene polymerization catalyst, according to the invention, will be described in detail herein- 
after. 

The meaning of the term "polymerization" used herein is not limited to "homopolymerization" but may comprehend 
"copolymerization". Also, the meaning of the term "polymer" used herein is not limited to "homopolymer" but may 
40 comprehend "copolymer". 

The ethylene polymer of the invention is a homopolymer of ethylene, a random copolymer of ethylene and an 
olefin, or a block copolymer of ethylene and an olefin. 

The copolymer of ethylene and an olefin may contain constituent units derived from a-olefins of 3 to 20 carbon 
atoms, such as propylene, 1-butene, vpentene, 1-hexene. 4-methyM-pentene, Voctene, 1-decene, Vdodecene, 
45 1 -tetradecene, 1 -hexadecene, 1 -octadecene and 1 -eicosene, in amounts of 1 0 % by weight or less, preferably 5 % by 
weight or less. 

The copolymer may further contain constituent units derived from compounds having a large number of unsaturated 
bonds, for example, aromatic vinyl compounds such as styrene and allylbenzene, aiicyclic vinyl compounds such as 
vinylcyclohexane, cycloofeflns such as cyclopentene, cycloheptene, norbornene, 5-methyl-2-norbornene, tetracy- 

so clododecene and 2-methyl-1 ,4,5,8-dimethanol ,2,3,4, 4a,5,8,8a-octahydronaphthalene, and dienes {conjugateddienes 
and non -conjugated dienes) such as 6-methyt-1 , 6-octadiene, 7 -m ethyM ,6-octadiene, 8-ethyl-l ,6-octadiene, 8-propyl- 
1 ,6-octadiene, 6-buty!-1,6-cctadiene, 6-methyl-1,6-nonadiene, 7-methyl-1 ,6-nonadiene, 6-ethy!-1 ,6-nonadiene, 
7-ertiyl-1,6-nonadiene. 6-methyM ,6-decadier\e. 7-methyl-1 ,6-decadiene. 6-methyl-1,6-undecadiene, isoprene and 
butadiene, in amounts of 10 % by weight or less, preferably S % by weight or less.' 

ss The ethylene polymer of the invention has a density of 0.94 to 0.98 g/cm 3 . 

The density is measured as follows. A sample (strand having a length of 5 to 6 cm) after measured on the meft 
flow rate is placed in a constant temperature oil bath of 120 *C and kept therein for one hour. Then, water is little by 
little introduced into the oil bath and the bath is cooled from 120 °C to room temperature over one hour. Thereafter, 
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the sampfe is allowed to stand indoors at 23 *C for one hour, and th e sample is cut to give two small strips (specimens). 
After the specimens are wetted with methanol, they are gently put into a density gradient tube. After 15 minutes, the 
positions ol the specimens are read out from the scale of the density gradient tube to determine an average value of 
the two specimens. The average value is reduced to a density from the calibration curve of the density and the scale 
of the density gradient tube drawn using a standard ffoat. The standard float is a spherical glass having a diameter of 
3 to 5 mm, which is obtained by sealing one end of a glass capillary having a diameter of 1 to 2 rnm : temporarily fusion 
bonding a nichrome wire to the sealed end of the capillary, cutting the capiJfary at the position of about 2 mm distance 
from the sealed end, holding the capillary thus cut with the nichrome wire, and swelling it by heating. The liquid in the 
density gradient tube is a mixture obtained by mixing methanol of reagent first grade defined by JIS K1501 with an 
aqueous solution of sodium acetate prepared using sodium acetate of reagent first grade defined by JIS K8371. 

The ethylene polymer of the invention has a melt flow rate of 0.01 to 100 g/10 min, preferably 0.02 to 10 g/10 min. 

The melt flow rate is measured as follows. An orifice having a size as defined by JIS K7210 is fitted to an automatic 
MFR measuring instrument produced by Tester Sangyo K,K. in accordance with JIS K7210. The barrel (place where 
a sampfe is introduced) is heated to 190 °C and kept at the same temperature. Into the barrel is introduced 4 g of a 
sample, and a piston is equipped in the barrel. Then, air bubbles are removed, and the barrel is preheated for 6 minutes. 
After the preheating, a load of 2,160 g is applied to push out the sample. The weight of the sample pushed out of the 
barrel per 10 minutes is measured, and the value thus measured is taken as a melt flow rate. 

In She ethylene polymer of the invention, the melt tension (MT) and the mett ftow rate (MFR) satisfy the relationship 
represented by the formula: 



logMT < -0 4!ogMFR + 0.75, 



preferably 

logMT < -0.4logMFR + 0.745. 



The melt tension is determined by measuring a stress given when a molten ethylene polymer is stretched at a 
30 fjxed rate That is, the melt tension is measured using an MT measuring machine produced by Toyo Seiki Seisakusho 
K.K. under the conditions of a resin temperature of ISO'C, an extrusion speed of 15 mnVmin, a take-up speed of 10 
to 20 m/in, a nozzle diameter of 2.09 mm and a nozzle length of 8 mm. 

The ethylene polymer of trie invention has a molecular weight distribution Mw/Mn (i.e., a ratio of a weight-average 
molecular weight (Mw) to a number-average molecular weight (Mn)) of 3 to 8, more preferably 4 to. 7, and has a 
3S molecular weight distribution Mz/Mw (i.e., a ratio of a Z average molecular weight (Mz) to a weight-average molecular 
weight (Mw)) of 2 to 5, preferably 2.5 to 4.5, more preferably 3 to 4, 

The ethylene polymer having values of Mw/Mn and Mz/Mw in the above ranges shows a narrow molecular weight 
distribution and has a low content of a polymer having a molecular weight extremely larger than the average molecular 
weight. Hence, a molded article obtained from such polymer does nol occur any poor appearance such as fish eye. 
•to The Mw/Mn and the Mz/Mw are measured in the following manner using a gel permeation chromatography (GPC). 

Apparatus 

ALC/GPC 150C model, produced by Milipore Co. 

45 

Measuring conditions 



Column: GMH-HT6 (7.5 mmID x 60 cm), produced by Toso K.K. 

so Mobile phase: o-Drchlorobenzene (ODCB) 

Column temperature: 138 "C 

Flow rate: 1.0 ml/min 

Concentration of sample: 30 mg/20 ml 

Solution temperature: 140°C 
55 Amount of influent: 500 ml 

Detector: differential refractometer 
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Determination of Mw/Mn and Mz/Mw 

The eluation time R (j , the eluate quantity H;. the molecular weight Mj, the number of macromolecules N ( in the i 
section of the GPC eluation curve have the following relation: 

6 

(K = 2.0922 X 10- 4 , a = 0.735} 

10 

j,. = P(1) + P(2)R tj + P(3)R t| 2 + P(4)R tj 3 



wherein P(1), P(2), P{3) andP(4) are values obtained through calculation from the calibration curve indicating a relation 
between the eiuate quantity and the molecular weight obtained by the GPC measurement of a sample of standard 
polystyrene (Mw/Mn =1.1) under the above measuring conditions. 

From the values of Mj and Hj thus obtained, Mn. Mw and Mz are calculated by the following formulas to determine 
Mw/Mn and Mz/Mw. 

Mn = £H/L(H(/Mj) 
Mw = ZHjM/ZH, 
Mz = ZHiM^/ZHiMi 

[See Pollock, D., and Kratz, F.F.: GPC Sixth international Seminar (1968), and Mori, Sadao: "Size Exclusion Chroma- 
tography", pp.51 - 56, Published on Dec. 1, 1991 (Kyoritsu Shuppan)]. 

The g* value of the ethylene polymer of the invention, which is an index of the proportion of long-chain branches, 
is in the range of 0.90 to 1 00, preferably 0 92 to 1.00, more preferably 0.95 to 1 00. 

The ethylene polymer having a g* value in the above range has a small proportion of the long-chain branches in 
the polymer, and hence a molded article obtained therefrom is excellent in rigidity and impact resistance. 

The g* value is determined in the following manner using GPC. That is, the values Mj and Hj are measured under 
the same measuring conditions as described above. Then, a value of [r|}^£ 8 is calculated by Vn& following formula: 



wherein K. a, Hj and M s are the same as defined above. 

The obtained value is corrected to a value ([r|] e p c ) given in a decalin solvent in accordance with a literature "GPC 
Sixth International Seminar" by Pollock.D., and Kratz, F.F.. 1968. Further, each sample is also measured on the intrinsic 
viscosity ((.nlobs) at 135 °C in a decalin solvent. 

Using the values thus obtained, the g* value is calculated by the following formula. 



9*= tnW'tnW 



The ethylene polymer of the invention has a swell ratio (SR) of 1 35 or more, preferably 1 .35 to 1 .50. 
The ethylene polymer having a swell ratio sn the above range is excellent in moldability. 
50 for example, when a bottle is produced from such an ethylene polymer by hollow molding, the shape of pinch-off 

scar is improved, and hence the resulting bottle has an excellent mechanical strength. Further, since the thickness 
distribution of the hollow molded article can be narrowed, the amount of the bottle material per one bottle can be 
reduced, and moreover the buckling strength of the bottle can be increased when the same amount of the material is 
used. 

55 The swell ratio is measured as follows. A nozzle having a diameter (D 0 ) of 3.0 mm and a length (L) of 3 mm is 

fitted to Capirograph-IB produced by Toyo Seiki Seisakusho K.K, The barrel (place where a sample is introduced) is 
heated to 190 °C and kept at the same temperature. Into the barrel is introduced 10 g of a sample, and a piston is 
equipped in the barreJ. Then, air bubbles are removed, and the barrel is preheated for 6 minutes. After the preheating, 
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the sample is extruded at shear rates of 0.25, 0.5, 1 . 2.5. 5, 10 and 25 seer 1 , and a diameter (D,) of the strand 15 mm 
below the nozzle tip is measured using a laser beam. Then, a ratio {SR., R/D 0 ) of (he strand diameter (Dj) thus measured 
to the nozzle diameter (D 0 ) is, determined. 

From the curve obtained by plotting the SRj for each shear rate on a semi-logarithmic paper, a value at the shear 
rate of 9.98 sec 1 is read out and taken as a swell ratio. 

The ethylene pofymer of the invention has a high melt tension, a high swell ratio, a narrow molecular weight dis- 
tribution and a small amount of long-chain branches. Such an ethylene polymer has not been found yet so far. 

Since the ethylene polymer of the invention has the above-mentioned properties, it is excellent in moldability. 
Further, the molded article obtained from the polymer is excelient in rigidity and impact resistance and free from oc- 
currence of poor appearance. This ethylene polymer can be favorably used as a material of various molded articles 
such as a hollow molded article and an extrusion molded article. 

When the ethylene polymer of the invention is used as a material of the hollow molded article, the polymer preferably 
has the following properties that: 

the density is in the range of 0,94 to 0.97 g/cm 3 ; 

the melt flow rate, as measured at 190 °C under a load of 2.16 kg. is in the range of 0.01 to 10 g/10 min: 
the melt tension (MT) and the melt flow rate (MFR) satisfy the relationship represented by the formula: 

logMT < -0.4fogMFR + 0.75; 

the molecular weight distribution Mw/Mn is in the range of 3 to 9; 
the molecular weight distribution Mz/Mw is in the range of 2.5 to 4.5; 
the g* value is in the range of 0.95 to 1.00; and 
the swell ratio is in the range of 1 .35 to 1 .50. 

When the ethylene polymer of the invention is used as a material of the extrusion molded article, the polymer 
preferably has the following properties that: 

the density is in the range of 0.94 to 0,97 g/cm 3 ; 

the melt flow rate, as measured at 190 °C under a load of 2 16 kg, is in the range of 0.01 to 10 g/10 min; 
the melt tension (MT) and the melt flow rate (MFR) satisfy the relationship represented by the formula: 

JogWT < -0.4logMFR + 0.75; 

the molecular weight distribution Mw/Mn is in the range of 3 to 8; 
the molecular weight distribution Mz/Mw is in the range of 2.5 to 4,5; 
the g* value is in the range of 0.95 to 1 .00; and 
the swell ratio is in the range of 1.35 to 1^50 

The ethylene polymer of the invention as mentioned above can be prepared by homopolymerizing ethylene or 
copolymerizing ethylene and other olefin than ethylene in the presence of an ethylene polymerization catalyst which 
will be described hereinafter. 

The solid titanium catalyst component for ethylene polymerization of the invention can be obtained by the contact 
with each other of oxygen and a solid titanium organometallic compound complex which is obtained by the contact 
with each other of 

(A) a solid titanium composite containing titanium, magnesium, halogen and a compound having at least two ether 
linkages present through plural atoms, which is obtained by the contact with each other of 

(a) a liquid magnesium compound having no reduction ability, 

(b) a compound having at least two ether linkages present through plural atoms, and 

(c) a liquid titanium compound, and optionally 

(d) a precipitating agent, 



wherein at least one of said components (a), (b), (c) and (d) contains a halogen-containing compound, 
and 
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(B) an organometailic compound containing a metal selected from Group I to Group 111 of the periodic table. 

The ethylene polymerization catalyst o1 the invention comprises; 

s [I] the above-mentioned solid titanium catalyst component, and 

[II] an organometailic compound catalyst component containing a metal selected from Group I to Group III of the 
periodic table. 

For preparing the solid titanium catalyst component of the invention, the liquid magnesium compound having no 
10 reduction ability (a), the compound having at least two ether linkages present through plural atoms (b) and the liquid 
titanium compound (c), and optionally, the precipitating agent (d) are first brought into contact with each other to prepare 
a solid titanium composite {A) containing titanium, magnesium halogen and the compound having at least two ether 
linkages present through plural atoms. 

The liquid magnesium compound having no reduction ability (a) used for preparing the solid titanium composite 
is (A) is either a liquid magnesium compound, a magnesium compound solution obtained by dissolving a liq uid magnesium 
compound in a solvent having solubility tor a liq uid magnesium compound, or a magnesium compound solution obtained 
by dissolving a solid magnesium compound in a solvent having a solubility for a solid magnesium compound. 

The magnesium compound having no reduction ability (a) may be one derived from a magnesium compound 
having reduction ability. 

20 Examples of the magnesium compounds (a) include magnesium halides such as magnesium chloride, magnesium 

bromide, magnesium iodide and magnesium fluoride; alkoxymagnesium halides such as methoxymagnesium chloride, 
ethoxymagnesium chloride, isopropoxymagnesium chloride, butoxymagnesium chloride and octoxymagnesium chlo- 
ride, aryloxymagnesium halides such as phenoxymagnesium chloride and methylphenoxymagnesium chloride, alkox- 
ymagnesiums such as ethoxymagnesium, isopropoxymagnesium, butoxymagnesium, octoxymagnesium and 2-ethyl- 

2S hexoxymagnesium; aryloxyrnagnesiums such as phenoxymagnesium and dimethyfphenoxymagnesium; magnesium 
carboxylates such as magnesium laurate and magnesium stearate; and inorganic acid sails such as magnesium car- 
bonate, magnesium borate and magnesium silicate. The magnesium compounds may be a complex compound of any 
ol the above compounds and other metal, a composite compound of any of the above compounds and other metal, a 
mixture of any of the above compounds and other metal compound, or a mixture of two or more of the above compounds. 

30 Ol these, preferred are magnesium halides, and particularly preferred is magnesium chloride. The magnesium com- 
pound having no reduction ability may be derived Irom other substance. 

When the magnesium compound is solid, it is dissolved in a solvent having solvilrty for a magnesium compound 
and the resulting solution is used as the liquid magnesium compound having no reduction ability (a). When the mag- 
nesium compound is liquid, it can be£er se used as the liquid magnesium compound having no reduction ability (a), 

35 or it can be used by dissolving it in a solvent having solubility for a magnesium compound. 

Examples of the solvents having solubility for a magnesium compound include titanates and electron donors (g) 
such as alcohols, aldehydes, amines, carboxylic acids and metallic acid esters (excluding titanates). These compounds 
may be used alone or in combination. 

Examples of the titanates include orthotitanates such as methyl orthotitanate, ethyl orthotitanate, n-propy! orthoti- 

<*o tanate, i-propyl orthotitanate, n-butyl orthotitanate, i-butyl orthotitanate, n-amyl orthotitanate, 2-ethy Ihexyl orthotitanate, 
n-octyi orthotitanate. phenyl orthotitanate and cyclohexyl orthotitanate; and polytitanatas such as methyl polytitanate, 
ethyf polytitanate, n-propyl polytitanate, i-propyl polytitanate, n-butyl polytitanate, i-butyl polytitanate, n-amyl porytitan- 
ate. 2-ethylhexyl polytitanate, n-octyl polytitanate, phenyl polytitanate and cyclohexyl polytitanate. 

Examples of the alcohols include aliphatic alcohols such as methanol, ethanol, propanol, butanol, ethylene glycol, 

45 methyl carbitol, 2-rnelhylpentanol, 2-ethylbutanol, n-heptanol, n-octanol, 2-ethylhexanol, decanol, dodecanol, tetrade- 
cyt alcohol, undecenol, oteyl atcohol and stearyl alcohol; alicyclic alcohols such as cyclohexanol and methylcyclohex- 
anol; aromatic alcohols such as benzyl alcohol, methylbenzyl alcohol, isopropy Ibenzyl alcohol, a-methylbenzyl alcohol 
and a.cc'dimethylbenzyl alcohol; and aliphatic alcohols containing alkoxy group such as n-butyl cellosolve and 1 -butoxy- 
2-propanol. 

so Examples of the aldehydes include aldehydes of 7 or more carbon atoms such as caproic aldehyde, 2-ethylhex- 

ylaldehyde, caprylic aldehyde and undecylenic aldehyde. 

Examples of the amines include amines of 6 or more carbon atoms such as hepty famine, octylamine, nonylamine. 
decylamine, laurylamine, undecylamine and 2-ethylhexylamine. 

Examples of the carboxylic acids incl ude organic carboxylic acids o1 7 of more carbon atoms such as caprylic acid, 
ss 2-ethylhexanoic acid, undecylenic acid, undecanoic acid, nonylic acid and octanoic acid. 

Examples of the metallic acid esters include zirconium tetraalkoxides such as zirconium tetramethoxide, 2irconium 
tetraethoxide, zirconium tetrabutoxide and zirconium tetrapropoxide. 

These titanates and electron donors (g) can be used together with inert solvents. 
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Examples of the inert solvents include: 



aliphatic hydrocarbons, such as propane, butane, pentane. hexane, heptane, octane, decane, dodecane and ker- 
osine; 

alicyclic hydrocarbons, such as cyclopentane, cyclohexane and methylcyclopentane; 
aromatic hydrocarbons, such as benzene, toluene and xylene: 
halogenated hydrocarbons, such as ethylene chloride and chlorobenzene; and 
mixtures ol these hydrocarbons. 

In the liquid obtained by dissolving the magnesium compound in the solvent having solubility for magnesium com- 
pounds, the magnesium compound is contained in an amount of 0.1 to 20 mof/liter-soivent, preferably 0.5 to 5 mo(/ 
liter-solvent. 

In the preparation of the solid titanium composite (A), the compound having at least two ether linkages present 
through plural atoms (b) is used in addition to the liquid magnesium compound having no reduction ability (a). 

As the compound having at least two ether linkages present through plural atoms (b) {hereinafter sometimes 
referred to as "diether compound (b)*} used for preparing the solid titanium catalyst component, there can be mentioned 
compounds wherein one or more kinds or atoms selected from carbon, silicon, oxygen, nitrogen, phosphorus, boron 
and sulfur are present among those ether linkages. Preferred are compounds wherein relatively bulky substituents are 
bonded to the atoms present among the ether linkages and the atoms present among the two or more ether linkages 
contain plural carbon atoms. 

The diether compound (b) is, for example, an ether compound represented by the following formula: 



K 

I 

- c -o ■ 



. R 2n R 2J 
• C - O * C - R 



wherein n is an integer of 2 < n < 10, R 1 to R 26 are each a substituent having at least one element selected from carbon, 
hydrogen, oxygen, halogen, nitrogen, sulfur, phosphorus, boron and silicon, an aibitrary combination ol R 1 to R 26 , 
preferably R 1 to R 2n , may form a ring other than a benzene ring in cooperation, and the main chain may contain an 
atom other than carbon. 

Listed below are examples of the diether compounds (b). 



2-(2-Ethylhexyl}-1 ,3-drmethoxypropane, 

2-lsopropyM,3-dimethoxypropane, 

2-Butyl-1 ,3-dimethoxypropane, 

2-s-Butyl-1 ,3-dimethoxypropane, 

2-Cyclohexyl- 1 , 3-dimathoxypropane. 

2-Phenyl-1 ,3-dimethoxypropane, 

2-Cumy!-1 ,3-dimethoxypropane, 

2-(2-Phenylethyl)-l,3-dimethoxypropane, 

2-(2-Cyclohexylethyl)-1,3-dimethoxypropane, 

2-(p-Chlorophenyt)-1,3-dimethoxypropane, 

2-{Diphenylmethyl)-1,3-dimethoxypropane : 

2-(1-Naphthyl)-1 ,3-dimethoxypropane. 

2~{ 2 -Ftuor opheny I)- 1 , 3-dimethoxy propane , 

2-(1 -Decahydronaphthyl)-1 ,3-dimethoxypropane, 

2-{ p- 1- Buty fph eny I) - 1 , 3-d i methoxypropane , 

2,2-Dicyclohexyl-1,3-dimethoxypropanD, 

2,2-Diethyl-1.3-dimethoxypropane. 

2,2-DipropyM,3-dimethoxypropane, 

2,2-DibutyM ,3-dimethoxypropane, 

2-Methyl-2-propyl-t ,3-dimethoxypropane, 

2-Methyl-2-benzyl-1.3-dimethoxypropane, 

2-Methyl-2-ethyl-1,3-dimethoxypropane, 
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2-Methyt-2-isopropyl- 1 ,3-dimethoxypropane, 
2-MethyJ-2-phenyl-1.3-d!methoxypropane, 
2- Methy 1-2 -cycloh exyl- 1 ,3-dimethoxy p ropane , 
2,2-Bis (p-chlorophenyl)-l ,3-drmethoxypropane, 
2,2-Bis(2-cyclohexylethyl)-i ,3-dimethoxypropane, 
2-Methyl-2-isobutyl-l.3-dimethoxypropane, 
2-Methyl-2-(2-ethylhexyl)-1 ,3-dimethoxypropane, 
2, 2-Diisobutyl-l ,3-dimethoxypropane.. 
2,2-Diphenyl-i ,3-dimethoxypropane, 
2,2-Dibenzyl-l,3'dimethoxypropane, 
2,2-Bis(cyclohexylmethyl)-1 ,3-dimethoxypropane, 
2.2-Diisobutyl-i ,3-diethoxypropane, 
2,2-Diisobutyi-l ,3-dibutoxypropane, 
2-lsobutyl-2-isopropyl-1 ,3-dimethoxypropane, 
2,2-Di-s-butyM ,3-dimethoxypropane. 
2,2-Dt-t-buty)-1,3-dimethoxy propane, 

2.2- DineopentyM ,3-dimethoxypropane, 
2-lsopropyl-2-isopentyl-1,3-dimelhoxypropane, 
2-Phenyl-2-benzyl-1 ,3-dimethoxypropane, 

2- Cyclohexyl-2-cyclohexylmethyl-i,3-dimethoxypropane, 

2.3- Oiphenyl- 1 ,4-diethoxybutane. 
2,3-Dicyclohexyl-1 ,4-diethoxybutane, 

2.2- Dibenzyl-1 ,4-diethoxybutane. 

2.3- DicyclohexyM ,4-diethoxybutane, 
2,3-Dii$opropyl-1,4-diethoxybutane, 

2.2- Bis(p-methylphenyl)- 1 ,4-dirnethoxybutane. 

2.3- Bis(p-ch!orophenyl)-1;4-dirnethoxybutane, 

2.3- Bis(p-fluoroph8nyl)-1,4-dimethoxybutane, 

2.4- Diph enyf- 1 ,5-dimethoxypentane. 

2.5- Diphenyl-l,5-dimethoxyhexane, 
2,4-Diisopropyl-1,5-dimethoxypentane l 
2,4-Diisobutyl-l,5-dimethoxypentane, 
2.4-Diisoamyl-1.5-dimethoxypentane, 

3- Methoxymethyltetrahydrof uran . 
3-Methoxyrrtethyldioxane, 

1 .2- Diisobutoxypropane, 
i ,2-Diisobutoxyethane, 

1 .3- Djisoamyloxyethane, 

1 ,3-DiisoamyloxypTOpane, 

1 ,3-Diisoneopentyloxyethane, 

1,3-Dineopentyfoxypropane, 

2 I 2-Tetramethylene-l,3-dtmethoxypropane, 

2,2-Pentafnathylene-1 1 3'dimethoxypropane, 

2 , 2-Hexamethy len s-1 , 3-dimethoxy propan e, 

1.2- Bis(methoxymethyl)cyclohexane, 
2,8-Dioxaspiro[5,5]undecane, 
3.7-Dioxabicyclof3,3,1]nonane, 
SJ-Dioxabicycloia.S.OJoctane, 

3 . 3- D iisobuty I- 1 ,5 -oxononane , 

6.6- Diisobutyloxyheptane, 

1 , 1 -DimethoxymethyJcyclopentane, 

1 , 1 -Bis{dimethoxymethyl)cyc(ohexan8, 

1 , 1 -Bis(methoxynriethy])bicycJo[2:2, ijheptane, 

1 , 1 -Dimethoxymethylcyclopentane, 

2-Methyl-2-methoxymethyl-l ,3-dimethoxypropane, 

2-Cyclohexyl-2-elhoxymethyl-1,3-diethoxypropane, 

2-Cyclohexyl-2-methoxymethyt-l ,3-dimethoxypropane ; 

2 , 2- Diisobuty I- 1 , 3-drmet hoxycyc loh exan e, 
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2-lsopropyl-2-isoarnyl-l f 3-dimethoxycyclohexane, 

2-Cyclohexyl-2-methoxymethyH ,3-dimetrioxycyciahexane, 

2-lsopropyl-2-methoxymethyl- 1 ,3-dimethoxycyclohexane, 

2-lsobutyl-2-methoxymethyM,3-dimethoxycyclohexane. 

2-Cycfohexyl-2-ethoxymethyl-1,3-diethoxycyclohexane, 

2-Cyclohexyl-2-ethoxymethyM ,3-dimelhoxycyclohexane. 

2-lsopropy!-2-etftoxymethyl-1 ,3-diethoxycyclohexane, 

2-lsopropy)-2-ethoxymethyl-l ,3-dimethoxycyciohexane, 

2-lsobutyl-2-ethoxymethyl-1,3-diethoxycyciohexane, 

2-lsobutyl-2-ethoxymethyl-1,3-dirnethoxycyclohexane, 

Tris(p-methoxyphenyl)phosphine, 

Methylphenylbis(methoxymethyl)silane. 

Diphenylbis (methoxyrnethyl)si lane , 

Methylcyciohexylbis(methoxymethyl)silane, 

DM-butylbis(methoxymethyl}srlane, 

Cyctohexy 1 -t- buty lbis(m ethoxymeth y I )s i lane, and 

i-Propyl-t-butylbis(methoxymethyl)silane. 

The unit linking the two ether oxygen atoms in these compounds is preferably an substituted or unsubstituted 
alkylene chain of 2 to 5 carbon atoms, more preferably an ethylene or propylene group. 

Of these, preferred are 1 ,3-diethors, and particularly preferred are2,2-diisobutyl-1 ,3-dimethoxypropane, 2-tsopro- 
pyl-2-isopentyl-1 ,3-dimethoxypropane, 2,2-dicyclohexyl-1 ,3-dimethoxypropane and 2,2-bis(cyclohexylmethyf)- 
1 ,3-dimethoxypropane. 

The fiquid titanium compound (c) used for preparing the solid titanium composite (A) is, for example, a tetravalent 
halogen-containing titanium compound represented by the following formula: 

Ti(OR) g X 4 . g 

wherein R is a hydrocarbon group, X is a halogen atom, and g is a number of 0 < g < 4. 
Particular examples of such compounds include: 

titanium tetrahalides, such as TiCI 4 , Ti8r 4> Til 4 ; 

alkoxytitaniurn trihalides, such as Ti(OCH 3 )CI 3 , Ti(OC 2 H 5 )CI 3 , Ti(On-C 4 H 9 )CI 3 , Ti(OC 2 H 5 )8r 3 and Tt(OisoC 4 H 9 ) 
Br 3 ; 

atkoxytitanium dihalides. such as Ti(OCH 3 ) 2 Cl 2 , Ti(OC 3 H 5 ) 2 C! 2 . Ti{On-C 4 H 9 ) 2 CI 2 and Ti(OC 2 H 5 ) 2 Br 2 ; 
alkoxytitaniurn monohalides, such as Ti(OCH 3 )3CI, Ti{OC 2 H s ) 3 CI, Ti(On-C 4 H 9 ) 3 CI and Ti(OC 2 H s ) 3 Br; and 
tetraalkoxytitaniums, such as Ti(OCH 3 ) 4 , Ti(OC 2 H 5 ) 4 . Ti(On-C 4 H 9 ) 4 , Ti(Oiso-C 4 H 9 } 4 and Ti(0-2-ethy!hexyl) 4 . 

Of these, preferred are titanium tetrahalides, and particufarly preferred is titanium tetrachloride. These titanium 
compounds may be used alone or in combination. Further, they may be used by diluting them with hydrocarbons or 
halogenated hydrocarbons. 

The precipitating agent (d) which may be used optionally in the preparation of the solid titanium composite (A) is, 
for example, a silicon compound. 

Examples of the silicon compounds include: 

a halogen -containing silicon compound represented by the formula: 

SiX n B q 4 , n 

wherein X is a halogen atom, Ri is an alkyl group of 1 to 20 carbon atoms, a cycloalkyl group of 3 to 20 carbon 
atoms or an aryl group of 6 to 20 carbon atoms, and n is a real number of i to 4, 
and 

a high -molecular silicon compound represented by the formula; 
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Si - o 



H 



wherein R s is a hydrocarbon group, and p is an integer of 1 or more. 

Particular examples ol the halogen-containing silicon compounds represented by the formula StX fl R t ) 4 . n are de- 
scribed below. 

Tetrahalosilanes represented by the formula St^ (n - 4 in the above formula), for example, tetrachlorosilane, 
tetrabromosilane, tetraiodositane, tetraUuorosilane, trichlorobromosilane, trichloroiodo&itane, tttchlorofluorosilane, 
dichlorodfbromosilane, dichlorodiiodosilane. dichlorodifluorosilane, chlorotribromosilane : chlorotriiodosilane, chlorotri- 
Huorosilane. bromotrnodosilane, brornotrifluorositane. d(bromodttodostlane. dibromodifluorosilane, tribromoiodositane, 
tribromofluorostfiane, iodotrifluorosilane, dirododifluorosrlane and triiodofluorosilane. Of these, preferred are tetrachlo- 
rosiiane. tetrabromositane, Uichlorobromosilane, dichlorodtbromosilane and chlorotribromosilane, and most preferred 
is tetrachlorosilane. 

Compounds represented by the general formula SiX 3 R q (n = 3 in the above formula), for example: 

alkylfrichlorositanes containing saturated afkyl groups of up to 16 carbon atoms, such as methyltnchlorosilane, 
ethyltrichlorosilane. n- or i-propyltrichlorosilane, n-. k sec- or tert-butyltrichlorosrlane. n- or i-amyltrichlorosilane. 
n-hexyltrichlorosilane, n-heptyltrichlorosilane, n-octyltrtchlorosilane, n-dodecy!trrchlorosjlane, n-tetradecyltrichlo- 
rosilane and n-hexadecyltrichlorosilane; 

unsaturated alkyltrichlorosilanes containing unsaturated alky) group of 1 to 4 carbon atoms, such as vinyltrichlo- 
rosilane and isobutenyltrichlorosilane; 

saturated or unsaturated haloalkyltrichlorosilanes such as chforom ethyltrichlorosilane, dichloromethyltrichlorosi- 
lane, irichloromethyitrichlorosilane, (2-ch(oroeihyl)trichlorosilane, (1,2-dibromoethyl)trichlorosilane, trifluorometh- 
yltrichlorosifane and (vinyl-l-chloro)trichlorosttane; 

saturated or unsaturated cyloalkyitrichlorosManes, such as cyclopropyltrichlorosilana, cyclopentyltrichlorosilane. 
cyclohexenyltrichlorosilane and 3-cyclohexenyltrichlorosilane; 

aryl or aralkyitnchlorosilane, such as phenyltrichlorosilane, 2-. 3- or 4-tolyltrichlorosilane and benzyltrichlorosilane, 
and 

alkyl, aryl or haloalkyl mixed trihalosilanes, such as methyfdifluorochforosilane : methylfluorodrchlorosilane, ethyl- 
difluorochlorosifane, ethytfluorodichlorosilane, n- or j-propyldifluorochlorosilane, n-butyldilluorochtorosilane, n- 
butylfluorodichlorosilane, phenyldifluorochlorosilane, methyldichlorobromosilane, ethyldichlorobromosilane, 
m ethyl dichloroiodosilane and (trifluromethyf)difluorobromosilane. 

Compounds represented by the general formula SiXqP^ (n - 2 in the above formula), for example: 

dialkyldihalosilanes, such as dimethyldichlorosilane. diethyldichlorosilane, di-n- or di-i-propyldichlorosilane, dt^n-. 
di-i-, di-sec- or di-tert-butytdichlorosilane, di-n- or di-i-amyldichlorosilane, bi-n-hexyidichiorosilane, di-n-heptyl- 
dichlorosilane and di-n-octyldichlorosilane; 

dicycloatkyidihalosilanes, such as dicyclopentyldichlorosilane, dicyclohexyldichloTosilane, dicyclohexyldibromosi- 
lane, dicyclohexyldiiodosilane and dicyclohexyldifluorosiiane; and 

diaryl or diaraiKyldihalosilanes, such as diphenyldichtorostlane, di-2-, di-3- or di-Molyldichlorosifane and dibenzyl- 
dichforosilane. 

Compounds represented by the general formula SiXP^ 3 (n = 1 in theabove formula), for example: 

trialkylhalosilanes, such as trimethylchlorosilane, triethylchlorosilane, tri(n- or i-propyl)chlorosi!ane, tri(n- or i-butyl) 
chlorosiiane. tri(rt-hexyl)chiorosilane, tri(n-heplyt)chforosilane, tri(n-octyl)ch(arasilane. dimethyl(ethyt)chlorosilane 
and methyl(dielhyl)chiorosifane; and 

triaryt or triaralkylhalosilanes, such as triphenylchiorosilane, tri{2-, 3- or 4-tolyl)chlorQsilane and tribenzylchlorosi- 
lane. 

Of these compounds, preferred are tetrachlorosilane and monochlorosilane, dichlorosrlane and trichlorosilane of 
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the above formula wherein R<i is methyl, ethyl or phenyl. 

Examples of the high -molecular silicon compounds include methylhydropolysiloxane, ethylhydropolysiloxane, phe- 
nylhydropolysiloxane and cyciohexylhydropolysiloxane. These compounds may be used alone or in combination. 

Of the above compounds, particularly preferred are tetrachlorosilane and methylhydropolysiloxane. 

There is no specific limitation on the polymerization degree of the high-molecular silicon compound, but preferably 
used are compounds having a viscosity of about 1 0 to 100 cSt f rom the viewpoint of practical use The terminal structure 
of the high-molecular silicon compound does not have great influence on the catalytic performance, but it is preferred 
that the terminal is sealed with an inert group 

Another example of the precipitating agent fd) is an organometallic compound [II] which will be described later. 

It is unnecessary to use the precipitating agent (d) when other component functions as a precipitating agent. 

In the preparation of the solid titanium composite (A), the liquid magnesium compound having no reduction ability 
(a), the diether compound (b) and the liquid titanium compound (c), and it desired, the precipitating agent (d) are 
employed, but in addition thereto a carrier compound, a halogen -containing compound and an electron donor other 
than the diether compound (b) may be further employed. 

Examples of the carrier compounds employable herein include metallic oxides such as Al 2 0 3 , Si0 2 , B 2 0 3 , MgO. 
CaO, Ti0 2 , ZnO. ZnO s , Sn0 2 , BaO and ThO, and resins such as a styrene-divinylbenzene copolymer. Of these, pre- 
ferred are A! 2 0 3 . SiO £ and the styrene-divinylbenzene copolymer. 

Examples of the halogen-containing compounds include the aforementioned halogen-containing silicon com- 
pounds and halogen-containing alcohols such as 2-chloroethanol, 1 -chloro-2-propanol. 3-chloro-1 -propanol, 1 -chioro- 
2-methyl-2-propanol. 4-chloro-1 -butanol. S-chloro-1-pentanol, 6-5-chloro-l-pentanol. 3-chloro-1 ,2-propanediol, 
2-chlorocyclohexanol. 4-ehlorobenzhydrol, (m.o : p}-chlorobenzyl alcohol, 4-chlorocatechol, 4-chloro-(m.o)-cresoh 
6-chloro-(m,o)-cresoJ, 4-chloro-3 : 5-dimethylphenol, chlorohydroquinone, 2-benzyl-4-chlorophenol, 4-chioro-1-naph- 
thol, (m,o,p)-chloropheno!, p-chloro-a-methytbenzyl alcohol, 2-chloro-4-phenylphenol, 6-chlorothymol, 4-chlororesor- 
cinol, 2-bromoethanol, 3-bromo-1 -propanol, 1 -bromo-2-propanol ; 1-bromo-2-butanol. 2-bromo-p-cresol, 1-bromo- 
2-naphthol, 6-bromo-2-naphthol, (m, o, p) -bromophenol. 4-bromoresorcinol, (m,o,p)-fluorophenol, p-iodophenol; 
2.2-dichloroethanol, 2. 3-dichloro-1 -propanol, 1,3-dichioro-2-propanol, 3-chloro-1 -(a-chloromethylJ-1 -propanol, 2.3-di- 
bromo-1 -propanol, 1 ; 3-dibromo-2-propano[. 2.4-dibromophenol, 2,4-dibromo-1 -naphthol; 2,2,2-trichloroethanol, 
1.1,1-trichloro-2-propanol, p.p,P-trichloro-1ert-butanol, 2,3,4-trichlorophenol, 2,4.5-trichlorophenol, 2,4,6-tnchlorophe- 
nol, 2,4,6-tribromophenol. 2,3,5-trrbromo-2-hydroxytoluene, 2,3 1 5-tribromo-4-hydroxytoluene, 2.2,2-trifluoroethanol, a, 
a,a-trifluoro-m-cresol, 2.4,6-triiodophenol; 2,3,4,6-tetrachlorophenol, tetrachlorobydroquinone. tetrachlorobispheno'l 
A, tatrabromobisphenol,2.2.3,3-tetrafluoro-1 -propanol, 2.3.5,6-tetrafluorophenol and tetrafluororesorcinol. 
Also employable as the halogen-containing compound are: 

halogens in the element state, e.g., chlorine, bromine and iodine; 

hydrogen halides, e.g.. hydrogen chloride, hydrogen bromide and hydrogen iodide; 

haloalkanes.e.g., carbon tetrachloride, chloroform, ethylene dichloride. ethylene tetrachloride, methylene chloride, 
trichlene, methyl chloride, ethyl chloride, n-butyl chloride and n-octyl chloride; 

nonmetallic oxyhalides, e.g. . sulfuryl chloride, thionyl chloride, nitrosyl chloride, phosphorus oxychloride and phos- 
gene; 

nonmetallic halides, e.g., phosphorus trichloride and phosphorus pentachloride; and 
metallic halides and ammonium halides, e.g., aluminum chloride and ammonium chloride. 

Examples of the electron donors (e) other than the diether compound (b), which may be used for the preparation 
of the solid titanium composite (A), include organic acid esters, organic acid halides. organic acid anhydrides, ethers, 
ketones, aldehydes, tertiary amines, phosphites, phosphates, phosphoric amides, carboxylic amides and nitriles. 

Particular examples thereof include: 

ketones of 3 to 15 carbon atoms, such as acetone, methyl ethyl ketone, methyl isobutyl ketone, acetophenone. 
benzophenone, cyclohexanone and benzoquinone; 

aldehydes of 2 to 15 carbon atoms, such as acetaldehyde, propionafdehyde, octylaldehyde. benzaldehyde, tolu- 
aldehyde and naphthaldehyde; 

organic acid esters of 2 to 18 carbon atoms, such as methyl formate, methyl acetate, ethyl acetate, vinyl acetate, 
propyl acetate, octyl acetate, cyclohexyl acetate, ethyl propionate, methyl butyrate, ethyl valerate, methyl chloro- 
acetato, ethyl dichloroacetate, methyl met hacry late, ethyl crotonate, ethyl cyclohexanecarboxylate, methyl ben- 
zoate, ethyj benzoate, propyl benzoate. butyl benzoate, octyl benzoate, cyclohexyl benzoate. phenyl benzoate, 
benzyl benzoate, melhyi toluate, ethyl toluate, amyl toJuate, ethyl ethylbenzoate, methyl anisate, ethyl anisate] 
ethyl ethoxybenzoate, y-butyrolactone, &- va |erolactone, coumarin, phthalide and ethylene carbonate; 
acid halides of 2 to 15 carbon atoms, such as acetyl chloride, benzoyl chloride, toluyl chloride andanis'oyl chloride; 
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ethers of 2 to 20 carbon atoms, such as methyl ether, ethyl ether, isopropyl ether, butyl ether, amyl ether, tetrahy- 
drofuran. anisole anddfphenyf ether; 

acid amides, such as N.N-dimethylacetamide. N,N-diethylbenzamide and N,N-dimethyltotuamide; 

tertiary amines, such as trimethylamine. trfethylamine. tributylamine, tribenzylamine and tetramethylethylenedi- 

amine; and 

nitrites, such as acetonttrile, benzonitrile and trinttrile. 

Of these, preferred are aromatic carboxylic acid esters. 

The above-mentioned compounds may be used alone or in combination. 

Also preferred as the organic acid esters are polycarboxylic acid esters. As the polycarboxylic acid esters, there 
can be exemplified compounds having structures represented by the following formulas: 



R 3 - C - COOR 1 

1 

R 4 - C - COOR 2 



and 



R 3 - C 
I 

R 4 -C 



in the above formulas, Ft 1 is a substituted or unsubstituted hydrocarbon group, B 2 , R s and Ft 6 are each hydrogen 
or a substituted or unsubstituted hydrocarbon group, and R 3 and R 4 are each hydrogen or a substituted or unsubstituted 
hydrocarbon group, preferably at least one of them being a substituted or unsubstituted hydrocarbon group. R 3 and 
R 4 may be bonded to each other to form a ring structure. When the hydrocarbon groups R 1 to R 6 are substituted, the 
substituents contain heteroatorns such as N, O and S, and have groups such as COC, COOR COOH OH SO^H 
-C-N-C- and NH 2 . 

Particular examples of such poiycarboxylic acid esters include aliphatic polycarboxylic acid esters such as diethyl 
succinate, dibutyt succinate, diethyl methylsuccinate, diisobutyl a-methylglutarale, diethyl methylmalonate, diethyl 
ethylmalonate, diethyl isopropylmalonate, diethyl butylmalonate ; diethyl phenylmalonate, diethyl diethytmalonate. di- 
ethyl dibutylmaSonate, monooctyl maleate, dioctyl maleate, dibutyl maleate, dibutyl butylmaleate, diethyl butylmaleate, 
diisopropyl |i-methylglutarate, diallyf ethylsuccinate, di-2-ethylhexyl fumarate, diethyl ilaconate and dioctyl citraconate; 
alicyclrc polycarboxylic acid esters such as diethyl 1 ,2-cycJohexanecarboxylate, diisobutyf 1 ,2-cyclohexanecarboxylate! 
diethyl tetrahydrophthalate and diethyl nadtate; aromatic poiycarboxylic acid esters such as monoelhyl phthalate. dime- 
thyl phthalate, methylethyl phthalate. monoisobutyl phthalate. diethyl phthalate, ethylisobutyl phthalate, di-n-propy! 
phthalate, diisopropyl phthalate, di-n-butyl phthalate, diisobutyl phthalate, di-n-heptyl phthalate, di-2-ethylhexyl phtha- 
late, di-n-octyl phthalate, dineopentyl phthalate, didecyl phthalate. benzylbutyl phthalate, diphenyl phthlate, diethyl 
naphthalenedicarboxylate, dibutyl naphlhalenedicarboxylate, triethyl trimellitate and dibutyl trimellitate; and heterocy- 
clic polycarboxylic acid esters such as 3,4-furandicarboxyiate. 

Other examples of the poiycarboxylic acid esters are long-chain dicarboxylic acid esters such as diethyl adipate, 
diisobutyl adipate, diisopropyl sebacate, di-n-butyl sebacate, di-n-octyl sebacate and di-2-ethylhexyl sebacate. 

Of the above compounds, preferably used are the carboxylic acid esters, particularly preferably used are the poly- 
carboxylic acid esters, and most preferably used are phthalic acid esters. 

The electron donor (e) does not always require to be used as a starting material, and it can be produced in the 
course of preparing the solid titanium catalyst component. 

The solid titanium composite (A) is prepared by bringing the liquid magnesium compound having no reduction 
ability (a), the diether compound (b) and the liquid titanium compound (c), and optionally, the precipitating agent (d) ; 
in addition, the carrier compound, the electron donor (e) and the halogen-containing compound into contact with each 
other. At least one component of the liquid magnesium compound having no reduction ability (a}, the diether compound 
(b), the liquid titanium compound (c) and the precipitating agent (d) contains a halogen-containing compound. 

There is no specific limitation on the process for preparing the solid titanium composite (A). 
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Examples of the processes tor preparing the solid titanium composite (A) are described below. 

(1) A process of causing the liquid magnesium compound having no reduction ability (a) to react with the liquid 
titanium compound (c) in the presence of the diether compound {b); 

(2) A process ot causing the liquid magnesium compound having no reduction ability (a) to react with the liquid 
titanium compound (c) in the presence of the diether compound (b) and the electron donor (e); 

(3) A process of initially bringing the liquid magnesium compound having no reduction ability (a) into contact with 
the precipitating agent (d) and then causing the resulting precipitate to react with the diether compound (b) and 
the liquid titanium compound (c), and optionally, the electron donor {&); 

(4) A process of initially bringing the liquid magnesium compound having no reduction ability (a) into contact with 
the precipitating agent (d}and then causing the resulting precipitate to react with the halogen-containing compound, 
the diether compound (b) and the liquid titanium compound (c), and optionally, the electron donor (e); 

(5) A process of causing the reaction product obtained by any of the processes (1 ) to (4) to further react with the 
liquid titanium compound (c), 

(6) A process of causing the reaction product obtained by any of the processes (1 J to (4} to further react with the 
diether compound (b) and the hquid titanium compound (c); and 

(7) A process of causing the reaction product obtained by any of the processes (1 ) to (6) to further react with the 
diether compound (b). 

The amounts of the components (a) ; (b), (c) and (d) used tn the above processes to prepare the solid titanium 
composite (A) vary depending on the kind thereof, the contact conditions, the contact order, etc., but in general, the 
diether compound (b) is used in an amount of about 0.01 to 5 mol, preferably about 0.1 to 1 mol, based on 1 mo) of 
the liquid magnesium compound having no reduction ability (a), and the liquid titanium compound (c) is used in an 
amount of 0 1 to 1,000 mol, preferably 1 to 200 mol, based on 1 mol of the liquid magnesium compound having no 
reduction ability (a). The precipitating agent (d) is used in an amount enough to form a solid product, and it is used in 
an amount of 0.1 to 1,000 mol, preferably 1 to about 200 mol, based on 1 mol of the liquid magnesium compound 
having no reduction ability (a). 

The temperature at which these components (a), (b), (c) and (d) are brought into contact with each other is usually 
-70 to 200 °C, preferably 10 to 150 6 C. 

The solid titanium composite (A) obtained as above contains titanium, magnesium, halogen and the diether com- 
pound. 

In the solid titanium composite (A) : it is desired that an atomic ratio of halogen to titanium (halogerVtitanium) is in 
the range of 2 to 100. preferably 4 to 90; a molar ratio of the diether compound (b) to titanium {diether compound (b) 
/titanium) is in the range of 0.01 to 100, preferably 0.2 to 10; and an atomic ratio of magnesium to titanium (magnesium/ 
titanium) is in the range of 2 to 100, preferably 4 to 50. 

The solid titanium catalyst component of the invention can be obtained by initially bringing the solid titanium com- 
posite (A) into contact with an organometailic compound (B) containing a metal selected from Group I to Group Ml of 
the periodic table to prepare a solid titanium organometailic compound complex and then further bringing this solid 
titanium organometailic compound complex into contact with oxygen. 

Examples of the organometailic compound (B) containing a metal selected from Group I to Group III of the periodic 
table are identical with those of the organometailic compound catalyst component [II] containing a metai selected from 
group I lo Group III of the periodic table, which will be described later. 

As the oxygen used herein, there can be exemplified oxygen gas, air, ozone and organic peroxide. 

The contact of the solid titanium composite (A) with the organometailic compound (B) can be conducted in a 
solvent. Examples of the solvents are identical wilh those of the inert solvents used lor preparing the liquid magnesium 
compound having no reduction ability (a). Of the aforementioned solvents, preferred are aliphatic hydrocarbons, and 
particularly preferred are saturated aliphatic hydrocarbons having 6 to 10 carbon atoms. 

In tho contact of the solid titanium composite (A) with the organometailic compound (S), the organometailic com- 
pound (B) is used in an amount of 0.1 to 100 mol, preferably 1 to 50 mol, based on 1 mol of the titanium atom in the 
solid titanium composite (A), and the concentration of the solid titanium composite (A) is in the range of 0.1 to 100 mol/ 
liter-solvent, preferably 0.5 to 50 mol/liter-solvent, in terms of the titanium atom in the solid titanium composite (A). The 
contact time is in the range of 1 to 300 minutes, preferably 5 to 180 minutes, and the contact temperature is in the 
range of 0 to 100 "C, preferably 10 to 50 °C. 

In the contact of the solid titanium organometailic compound complex with oxygen, the oxygen is used in an amount 
of 0.1 mol or more, preferably 0. 1 to 100 mol. more preferably 0.2 to 10 mol, most preferably 0.3 to 3 mol, based on 
1 mol of the titanium atom in the solid titanium organometailic compound complex. The contact time is in the range of 
1 to 300 minutes, preferably 5 to 180 minutes, and the contact temperature is in the range of 0 to 100 »C preferably 
10 to 50 °C. 
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There is no specific limitation on the method of contacting the solid titanium organometailic compound complex 
with oxygen, but the following contact method may be used; 

(1} A method of bringing a suspension of the solid titanium organometailic compound complex in an inert solvent 
s into contact with air; 

(2) A method of bringing a suspension of the solid titanium organometailic compound complex in an inert solvent 
into contact with ozone; and 

(3) A method of bringing a suspension of the solid titanium organometallvc compound complex in an inert solvent 
into contact with gaseous oxygen, 

10 

Examples of the solvents used in the contact of the solid titanium organometailic compound complex with oxygen 
are identical with those of the inert solvents used tor preparing the liquid magnesium compound having no reduction 
ability (a). Of the aforementioned solvents, preferred are aliphatic hydrocarbons, and particularly preferred are satu- 
rated aliphatic hydrocarbons having 6 to 10 carbon atoms. 
J5 By the contact of the solid titanium organometailic compound complex with oxygen, Irtamum contained therein is 

presumably bonded to oxygen. 

The ethylene polymerization catalyst of the invention comprises the solid titanium catalyst component [I] and an 
organometallfc compound catalyst component [II] containing a metal selected from Group I to Group 111 of the periodic 
table. 

20 Figure is an explanatory view showing steps of the process for preparing the ethylene polymerization catalyst 

according to the invention. 

As the organometailic compound catalyst component (II], ther& can h& used, for example, an organoaluminum 
compound, an alkyt complex compound ol Group I metal and aluminum, and an organometailic compound of Group 
U metal. 

25 The organoaluminum compound is, for example, a compound represenied by the fofJowing formula: 

R a n AlX 3 . n 

30 wherein R a is a hydrocarbon group of 1 to 12 carbon atoms, X is a halogen atom or a hydrogen atom, n is 1 to 3. 

In the above formula, R a is a hydrocarbon group of 1 to 12 carbon atoms, such as an alkyf group, a cycioalkyl 
group or an aryl group, more specifically, methyl, ethyl, n-propyl, isopropyl. isobutyl, pentyl, hexyl, octyl, cyclopentyt, 
cyclohexyl, phenyl or totyl. 

Examples oi such organoaluminum compounds include-. 

35 

trtalkylaluminums, such as trimethylalummum, trielhylaluminum, triisopropylaluminum, triisobutylaluminum, trioc- 
tylalurninum and tri-2-ethyihexylaluminum; 
alkenylalurninums, such as isoprenylaiuminum; 

diaikylaluminumhalides, such as dimeihySaluminum chloride, diethyialuminum chloride, diisopropylaluminumchlo- 

40 ride, diisobutylaluminum chloride and dimethylaluminum bromide; 

alkylaluminum sesquihalides, such as methylaiuminunrt sesquichlortde, ethytatuminum sesquichloride, isopropy- 
(aiuminum sesquichloride, butyialuminum sesquichloride and ethylaluminum sesquibromide; 
alkylaluminum dihalides, such as methylaluminum dichkxide, ethylaluminum dichloride. isopropyfaluminum dichlo- 
ride and ethylaluminum dibromide; and 

45 alkylaluminum hydrides, such as diethyialuminum hydride and diisobutylaluminum hydride. 

Also employable as the organoaluminum compound is a compound represented by the following formula: 

SO R V Y 3- n 

wherein R a is the same as defined above, Y is -OR b , -OSiR« 3 , -OAlR d 2 , NR e 2 , -SiR' 3 or -N(R9)AIR h 2 , n is 1 to 2, R b , 
R<\ R d and R h are each methyl, ethyl, isopropyl, isobutyl, cyclohexyl or phenyl. FF is hydrogen, methyl, ethyl, isopropyl, 
phenyl or trimethyisifyl, and R'and Rs are each methyl or ethyl. 
55 Examples of such organoaluminum compounds include: 

(i) compounds of (he formula: R a n A!(OR b )^. n , e g., dimethyls /uminurn metboxtde, diethyiatuminum ethoxide and 
diisobutylaluminum methoxide; 
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(ii) compounds of the formula: Ra n Af(OSiR c 3 ) 3 . nj e.g., Et 2 AI(OSiMe 3 ). {iso-Bu) 2 AI(OSiWe 3 ) and {iso-8u) 2 Af 
(OSiEt 3 ); 

(iii) compounds of the formula: R^AIfOAIR^)^, e g , Et 2 AIOAIEt 2 and (iso-Bu) 2 AIOAI(iso-Bu) 2 ; 

(iv) compounds of the formula: R a n AI(NR e 2 ) 3 _ n . e.g., Me 2 AINEt 2 . Et 2 AINHMe, Me 2 AINHEt t Et 2 AIN{Me 3 Si) 2 and 
(iso-Bu) 2 AIN(Me 3 Si) 2 , 

(v) compounds of the formula: RV^SiR'g)^. e.g., (iso-Bu) 2 AISiMe 3 ; and 

(vi) compounds of the formula: R a n AI(N{R9)AIR h 2 ) 3 . n , e.g., Et 2 AIN(Me)AIEt and {iso-Bu) 2 A!N(Et)AI(iso-Bu) 2 . 

Of the above-ex empl if fed organoaluminum compounds, preferred are compounds represented by the formulas- 
R a 3 AI. R a n AI(OR») 3 _ n and R a 0 Ar{OAIR d 2 ) 3 . n . 

The alky! complex compound of Group I metal and aluminum is, for example, a compound represented by the 
general formula: 



JvTAIR j 4 

wherein M 1 is LL Na or K. and Ri is a hydrocarbon group of 1 to 15 carbon atoms. 

Particular examples of such alkyl compfex compounds include UAI(C 2 H 5 ) 4 and LiAI(C 7 H 15 ) 4 

The organometallic compound of Group II metal is, for example, a compound represented by the general formula: 



r*r'm 2 

wherein R k and R* are each a hydrocarbon group of 1 to 15 carbon atoms or a halogen atom, which may be the same 
or dirferem except that R k and R 1 are halogen groups, and M 2 is Mg, Zn or Cd. 

Particular examples of such organometallic compounds include diethyJzinc, diethyimagnesium, butylethylmagne- 
sium, ethyl magnesium chloride and butylmagnesium chloride. 

The above-mentioned compounds may be used alone or in combination. 

The ethylene polymerization catalyst may further contain the aforesaid diether compound (b) and an electron donor 
(1), if necessary, in combination with the organometallic compound catalyst component [II]. As the electron donor (f), 
the aforesaid electron donor (e) and an organosilicon compound can be employed Of these, the diether compound 
(b) and the organosilicon compound are preferred. 

The organosilicon compound is, for example, an organosilicon compound represented by the following general 
formula: 



RnSKOR')^ 



wherein R and R' are each a hydrocarbon group, and n is a number of 0 < n < 4. 
Examples of the organosilicon compounds of the above formula include: 

trtmethylmethoxysilane, trimethylethoxysilane, dtmethyldimethoxysilane, dimethyldiethoxysilane. diisopropytd- 
imetfioxysiiane, t-butylmelhyldimethoxysilane, t-butyJmethyldiethoxysilane, t-amylmethyldiethoxysilane, diphe- 
nyidimethoxysirane, phenylmethyldimethoxysrlane, diphenyldiethoxystlane. bis-o-tolyldimethoxysilane, bis-m- 
tolyldimethoxysilane. bis-p-iolyldimethoxysilane. bis-p-tolyldiethoxysilane, bisethylphenytdimethoxysilane, dtcy- 
clohexyldimelhoxysilane, cyclohexylmethyldimethoxysilane, cyclohexylmethyldiethoxysilane, ethyltrrmethoxysi- 
lane, ethyltriethoxysitane, vinyltrimethoxysilane, methyltrimethoxysilane, n-propyltriethoxysilane, decyftrimethox- 
ysilane, decyltriethoxysilane, phenyltrimethoxysilane^-chloropropyltnmethoxysilane. methyltriethoxysilane, ethyl- 
triethoxysilane, vinyttrrethoxysiJane, t-butyftriethoxysilane, n-butyltriethoxysilane, iso-butyftriethoxysi!ane, phenyl- 
triethoxysilane, Y-aminopropyitriethoxysilane, chlorotriethoxysilane, ethyltriisopropoxysilane, vinyltributoxysilane. 
cyclohexyftrimethoxysilane, cyclohexyltriethoxysilane, 2-norbornanetrimethoxysilane, 2-norbornanetriethoxysi- 
lane, 2-norbornanemethyldimethoxysiiane, ethyl sificate, butyl siiicate, trimethylphenoxysilane, methyltriallyloxysi- 
lane, vinyltris(p-meihoxyethoxysilane), vinyftriacetoxysilane and dimethyltetraethoxydisiloxane, 
cyclopentyltrimethoxysilane, 2-methylcyc!opentyltrimeihoxysilane, 2,3-drmethylcyclopentyJtrimelhoxysifane and 
cyclopentyUrrathoxysilane; 

dicyclopentyldimethoxysilane, brs{2-methylcycfopentyl)dimethoxysilane, brs(2,3-dimethylcyclopentyl)dimethox- 
ysiiane and dicyclopentyldiethoxysiiane; and 

tricyclopentylmethoxysilane, tricyclopentylethoxysilane, dicyclopentylmethylmethoxysilane. dicycfopentylethyl- 
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methoxysilane, hexenyltrimethoxysilane, dicyclopentylrnethylethoxysilane, cyctopGntyldimethylmethoxysilane, cy- 
clopentyldiethylmethoxysilane and cycfopentyldimethylelhoxysilane. 

Of these, preferably used are ethyltriethoxysilane. n-propyltriethoxysilane, t-butyltriethoxysilane, vinyltriethoxysi- 
lane, phenyltriethoxysi!ane : vinyltributoxysilane, diphenyldimethoxysilane, phenylmethyldimethoxysilane, bis-p-tofyld- 
imethoxysilane. p-tolylme?hyldimethoxysilane, dicyJohexyldimethoxysilane. cyclohexylmeihyldimethoxysilane. 2-nor- 
bornanetriethoxysilane, 2-nofbornanemethyldimethoxysilane, phenyllriethoxysilane, dicyclopentyldimethoxysilane, 
hexenyltfirnethoxysilane, cyciopenty (trie thoxy si lane, tticyclopentylmethoxysilane and cyclopentyldimethy!rnethoxysi- 
lane. 

As the electron donors (f) employable besides the organosilicon compounds, there can be mentioned, for example, 
other nitrogen-containing compounds, phosphorus-containing compounds and oxygen-containing compounds than 
those described above. 

Examples ol the niuogcn-containing compounds are described below. 

2,6-Substituted piperidines, such as 




CH 3 CH 3 
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CH 3 
CH 3 - 
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CH 3 
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OCOC 3 H i6 COO 



CH3J 1 CH 3 CH 3 ^ j ^ CH 3 CH 3 

CH 3 ^ N CH 3 CH 3 ^ CH , CH 3 

I H H 

Al (C^H 5 ) 2 



2,5-Subsiituted piperidines, such as 

iso-C 3 H 7 f" j iso-C 3 H 7 CH 3 I I CH 3 

H >^N^ H C H 3 S^tr^ H 
H H 
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CH-j 
CH, 



CH 3 



CH 
CH 




Substituted methylenediamines. such as N.KN^-tetramethylmethylenediamine and N.N.N'.IM'-tetraethylmethyl- 
enediamine; and 

Substituted imidazolines, such as 1,3-dibenzyirmjdazolidine and 1 ,3-dibenzyl-2-phenylimidazolidine. 

Examples of the phosphorus-containing compounds include phosphites such as triethyl phosphite, tri-n-propyl 
phosphite, triisopropyl phosphite, tri-n-butyl phosphite, triisobutyl phosphite, diethyl-n-butyl phosphite and diethylphe- 
nyf phosphite. 

Examples of the oxygen-containing compounds are described below. 
2,6-Substituted tetrahydropyrans, such as 





CH-i u CH 3 C 2 H 5 C 2 H 5 



2,5-Subsiituted tetrahydropyrans, such as 
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The ethylene polymer o1 the invention can be prepared by homopolymerizing ethylene or copolymerizing ethylene 
and olher olefin than ethylene using the ethylene polymerization catalyst. 

It is preferred that an a-olefin is prepolymerized with the ethylene polymerization catalyst prior to the polymerization 
or the copolyrnerizat'ton. In this prepoiymerization. the a-olefin is prepolymerized in an amount of 0.1 to 1,000g, pref- 
erably 0.3 to 500 g, most preferably 1 to 200 g, per 1 g of the ethylene polymerization catalyst. 

it is desired that the concentration of the solid titanium catalyst component [I] in the prepolymerization is in the 
range of usually about 0.001 to 200 mmol, preferably about 0.01 to 50 mmol, particularly 0.1 to 20 mmol, in terms of 
titanium atom, based on 1 liter of the liquid medium. In the prepolymerization reaction system, the catalyst concentration 
can be higher than that in the main po!ymeri2ation reaction system. 

The organometallic compound catalyst component {II] is used in the prepolymerization in such an amount that a 
polymer is produced in an amount of 0.1 to 1,000 g, preferably 0.3 to 500 g, based on 1 g of the solid titanium catalyst 
component [I]. That is, the organometaliic compound catalyst component [II] is used in an amount of usually about 0.1 
to 300 mol, preferably about 0.5 to 100 mol, particularly 1 to 50 mol, based on 1 mol of the titanium atom in the solid 
titanium catalyst component {!]. 

In the prepolymerization, the diether compound (b) and the electron donor {e) may be used, if necessary. In this 
case, these components (b) and (e) are each used in an amount of 0.1 to 50 mol, preferably 0.5 to 30 mol, more 
preferably 1 to 10 mol, based on 1 mof of the titanium atom in the solid titanium catalyst component^]. 

The prepolymerization can be carried out under mild conditions by adding the olefin and the above-mentioned 
catalyst components into an inert hydrocarbon medium. 

Examples of the inert hydrocarbon media used herein include: 

aliphatic hydrocarbons, such as propane, butane, pentane, hexane, heptane, octane, decane. dodecane and ker- 
osine; 

alicyclic hydrocarbons, such as cyc!oper\tane, cyclohexane and rnethylcyclopentane; 
aromatic hydrocarbons, such as benzene, toluene and xylene; 
halogenated hydrocarbons, such as ethylene chloride and chlorobenzene; and 
mixtures of the above hydrocarbons. 

Of these inert hydrocarbon media, the aliphatic hydrocarbons are preferably used. When the inert hydrocarbon 
medium is used, the prepolymerization is preferably carried out batchwise. Further, the prepolymerization may be 
carried out using the olefin itself as the medium or may be carried out substantially not using any medium. In this case, 
the prepolymerization is preferably carried out continuously. 

The olefin used for the prepolymerization may be the same as or different from the later-described olefin used for 
the polymerization, but ethylene is preferably used as fhe olefin. 

The reaction temperature for the prepolymerization is in the range of usually about -20 to +100 °C. preferably 
about -20 to +80 *C, more preferably 0 to +40 "C. 

In fhe prepolymerization, a molecular weight regulator such as hydrogen can be used. The molecular weight reg- 
ulator is desirably used in such an amount that the resulting polymer has an intrinsic viscosity fa], as measured in 
decalin at 1 35 a C, of about 0.2 dl/g or more, preferably about 5 to 10 dl/g. 

It is desired that the prepolymerization is carried out in such a manner that the amount of the polymer produced 
by the prepolymerization is in the range of about 0.1 to 1 ,000 g, preferably about 0.3 to 500 g, particularly 1 to 200 g, 
based on 1 g of the solid titanium catalyst component [I]. When the amount of the polymer produced by the prepolym- 
erization is too much, the production efficiency of the ethylene polymer produced in the main polymerization might be 
lowered. 

The prepolymerization can be conducted batchwise or continuously. 
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Examples of olefins employable together with ethylene in the main polymerization include aolefins of 3 to 20 
carbon aloms such as propylene. 1-butene. 1-pentene, 1-hexene, 4-methyM -penteng. 1-octene, 1-decene, 1-do- 
decene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene. 

In the polymerization of ethylene, these olefins can be used alone or in combination. Further, there can be used, 
as the polymerization materials, compounds having a iarge number of unsaturated bonds, for example, aromatic vinyl 
compounds such as styrene and allylbenzene, alicycJic vinyl compounds such as vinylcyclohexane, cycioolefins such 
as cyclopentene, cycloheptene, norbornene, 5-methyl-2-norbornenG, tetracyclododecene, 2-methyl- 
1,4,5,8-dirnethano1.2,3,4,4a,5 : 8,8a-octahydronaphthalene : and dienes (conjugated dienes and non -conjugated 
dienes) such as 6-methyl-l ,6-octadiene, 7-methyi-1,6-octadiene, 6-ethyl-1,6-octadiene, 6-propyf-1 ,6-octadiene, 
6-butyl-1,6-octadiene, 6-methyl-1,6-nonadiene, 7-methyl-1,6-nonadiene, 6-ethyl-1 ,6-nonadiene, 7-ethyl-1 ,6-nona- 
diene ; 6-methyl-1 ,6-decadiene, 7-methyf-1 ,6<fecadiene, 6-methyl-1 ,6-undecadiene, isoprene and butadiene. 

The polymerization of ethylene polymer may be conducted by any of a liquid phase polymerization such as a 
solution polymerization and a suspension polymerization, and a gas phase polymerization. 

When the main polymerization is conducted by a liquid phase polymerization, the aforesaid inert hydrocarbon may 
be used as the reaction solvent, and an olefin which is liquid at the reaction temperature may also be used as the 
reaction solvent. 

In the main polymerization, the solid titanium catalyst component [I] is used in an amount of usually about 0.001 
to 0,5 mmol. preferably about 0.005 to 0. 1 mmol, in terms of Ti atom, based on 1 liter of the polymerization volume. 
The organometallic compound catalyst component [II] is used in such an amount that the metal atom is in the range 
of usually about 1 to 2.000 mol preferably about 5 to 500 mof, based on 1 mol of the titanium atom in the prepolym- 
erization catalyst component of the polymerization system. 

When hydrogen is used in the main polymerization, the molecular weight of the resulting polymer can be regulated, 
and hence a polymer having a high melt flow rate can be obtained. 

The polymerization temperature is set within the range of usually about 20 to 200 "C, preferably about 50 to 150 
°C, and the polymerization pressure is set within the range of usually atmospheric pressure to 100 kg/cm 2 , preferably 
about 2 to 50 kg/cm 2 . The polymerization can be conducted batchwise. semicontinuously or continuously. Further, the 
polymerization can be conducted in two or more stages having different reaction conditions. 

The ethylene polymer obtained as above may be any of an ethylene homopolymer, an ethylene-olefin random 
copolymer and an ethylene-olefin block copolymer. 

EFFECT OF THE INVENTION 

The ethylene polymer according to the invention has a density and a melt flow rate (MFR) in the specific ranges, 
has a specific relation between the melt tension (MT) and the melt flow rate (MFR), and has a Mw/Mn value, a Mz/Mw 
value, a g* value and a swell ratio in the specific ranges. Hence, the ethylene polymer is excellent in moldability and 
from this polymer a molded article excellent in rigidity and impact strength and free from poo; appearance such as fish 
eye can be obtained. 

By the process for preparing an ethylene polymer according to the invention, an ethylene polymer having excellent 
properties as mentioned above can be prepared with high polymerization activity. 

By the use of the solid titanium catalyst component for ethylene polymerization and the ethylene polymerization 
catalyst according to the invention, an ethylene polymer having excellent properties as mentioned above can be pre- 
pared with high polymerization activity. 

EXAMPLE 

The present invention will be further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

Example 1 

[Preparation of a solid titanium composite (A)] 

95.2 g of anhydrous magnesium chloride, 442 ml of decane and 390,6 g of 2-ethylhexyl alcohol were heated at 
1 30 °C for 2 hours to give a homogeneous solution. To the solution was added 21 .3 g of phthalic anhydride, and they 
were stirred at 130 °C for 1 hour to dissolve the phthalic anhydride in the homogeneous solution. Then, 75 ml of the 
resulting homogeneous solution was dropwise added to 200 ml of titanium tetrachloride kept at -20 °C over a period 
of 1 hour. After the addition was completed, the temperature of the mixture was elevated to 110 °C over a period of 4 
hours. When the temperature reached 110 °C, 4.06 g of 2-isopropyl-2-isopentyl-1 ,3-dimethoxypropane was added to 
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the mixture, and they were kept at the same temperature for2 hours with stirring. Then, the solid produced was collected 
by means of hot filtration, and the solid was resuspended in 275 ml of titanium tetrachloride, followed by heating at 
110 °C for 2 hours Thereafter, the solid was again collected by means of hot filtration, and thoroughiy washed with 
decane of 110 "C and hexane of room temperature until any titanium compound liberated in the washing liquid was 
not detected. Through the above procedures, a solid titanium composite (A) was prepared. This solid titanium composite 
(A) had a composition comprising 2.1 % by weight of titanium, 18.0 % by weight of magnesium. 7.2 % by weight of 
2-isopropyl-2-isopentyl-1 ,3<iimethoxypropane, 0.2 % by weight of 2-ethylhexoxy group and 60 % by weight of chlorine. 

[Preparation of a solid titanium catalyst component (B)] 

(nto a 200-rnl four-necked flask was introduced 100 ml of hexane at room temperature (26 °C)" while purging the 
flask with nitrogen. To the flask were charged 3 mmol (in terms of aluminum atom) of triethylaluminum and 1 mmol (in 
terms of titanium atom) of the above-obtained solid titanium composite (A), followed by stirring at room temperature 
for 1 hour. After the stirring was completed, the solid produced was separated from the liquid by means of decantation. 
To the solid was added hexane, and they were stirred. Then, a purifying operation to remove the supernatant liquid 
through decantation was repeated three times, to obtain a solid titanium organometallic compound complex 

The solid titanium organometallic compound complex was resuspended in 100 ml of hexane. Then, 58.4 ml of dry 
air containing 11.2 Nml of oxygen was introduced into the gas phase, followed by stirring at room temperature for 1 
hour. During the stirring, the volume decrease of the gas phase was measured using a gas burette. As a result, the 
volume decrease was 9.0 ml, and the amount of oxygen absorption was 8.2 Nml. 

After the stirring was completed, the solid produced was separated from the liquid by means of decantation. To 
the solid was added hexane, and they were stirred. Then, a washing operation to remove the supernatant liquid through 
decantation was repeated twice, to obtain a solid titanium catalyst component (B). 

[Polymerization] 

Into a 2-liter autoclave was introduced 1 liter of purified hexane. To the autoclave were added 1 mmol of triethyl- 
aluminum and 0.01 mmol (in terms of titanium atom) of the solid titanium catalyst component (B) at 60 °C in an ethylene 
atmosphere. 

Then, the temperature of the system was elevated up to 75 °C, and hydrogen was introduced in such an amount 
that the gauge pressure became 1 kg/cm 2 . Subsequently, ethylene was fed so that the gauge pressure became 8 kg/ 
cm 2 , followed by continuously feeding ethylene to keep the same pressure for 1 hour. During the feeding procedure, 
the temperature was kept at 80 °C. 

After the polymerization was completed, the slurry containing a solid product was filtered and separated into a 
white powder and a liquid phase. The white powder thus obtained was dried at 80 °C for 10 hours under reduced 
pressure. 

To 100 g of the dried white powder (ethylene polymer) were added 200 mg of 3,5-di-tert-butyl-4-hydroxytoiuene 
and 100 mg of calcium stearate. The resulting mixture was palletized at 200 °C using an extruder having a diameter 
of 20 mm (produced by Thermoplastic Co.). The pellets were measured on a melt tension (MT), a melt flow rate (MFR), 
a swell ratio (SR), a molecutar weight distribution Mw/Mrt, a molecular weight distribution Mz/Mw, a g* value and a 
density in accordance with the methods described before. The results are shown in table 1 . 

Example 2 

[Polymerization] 

Polymerization of ethylene was carried out in the same manner as described in example 1 except that hydrogen 
was introduced in such an amount that the gauge pressure became 3 kg/cm 2 . 

After the polymerization was completed, the slurry containing a solid product was filtered and separated into a 
white powder and a liquid phase. The white powder thus obtained was dried at 80 6 C for 10 hours under reduced 
pressure. 

The dried white powder (ethylene polymer) was measured on various properties in the same manner as described 
in Example 1 . The results are shown in Table 1 . 
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Example 3 

(Preparation of a solid titanium catalyst component (B-1)| 

Into a 200-mI 1our-necked flask was introduced 100 ml of hexane at room temperature (26 °C) while purging the 
flask with nitrogen. To the flask were added 3 mmol (in terms of aluminum atom) of triethylaluminurn and 1 mmol {in 
terms of titanium atom) of the solid titanium composite (A), followed by stirring at room temperature for 1 hour. After 
the stirring was completed, the solid produced was separated from the liquid by means of decantation To the solid 
was added hexane, and they were stirred. Then, a washing operation to remove the supernatant liquid through decan- 
tation was repeated three times, to obtain a solid titanium organometallic compound complex. 

The solid titanium organometallic compound complex was resuspended in 100 ml of hexane. Then, 29.2 mi of dry 
air containing 5.6 Nml of oxygen was introduced into the gas phase, followed by stirring at room temperature for 1 
hour. During the stirring/the volume decrease of the gas phase was measured using a gas burette. As a result, the 
volume decrease was 4.4 ml, and the amount of oxygen absorption was 4.0 Nm). 

After the stirring was completed, the solid produced was separated from the Jiquid by means of decantation. To 
the solid was added hexane. and they were stirred. Then, a washing operation to remove the supernatant liquid through 
decantation was repeated twice, to obtain a solid titanium catalyst component (B-1). 

[Polymerization] 

Polymerization of ethylene was carried out in the same manner as described in Example 1 except that the solid 
titanium catalyst component (B-1) was used in place of the solid titanium cataJyst component (B). 

After the polymerization was completed, the slurry containing a solid product was filtered and separated into a 
white powder and a liquid phase. The white powder thus obtained was dried at 80 for 10 hours under reduced 
pressure. 

The dried white powder (ethylene polymer) was measured on various properties in the same manner as described 
in Example 1 . The results are shown in Table 1. 

Comparative Example 1 

[Preparation of a solid titanium catalyst component (A-1 )] 

95,2 g of anhydrous magnesium chloride, 442 ml of decane and 390.6 g of 2-ethylhexyl alcohol were heated at 
130 °C for 2 hours to give a homogeneous solution. To the solution was added 21.3 g of phthalic anhydride, and they 
were stirred at 130 S C for 1 hour to dissolve the phthalic anhydride in the homogeneous solution. Then, 75 ml of the 
resulting homogeneous solution was dropwise added to 200 ml of titanium tetrachloride kept at -20 °C over a period 
of 1 hour. After the addition was completed, the temperature of the mixture was elevated to 110 °C over a period of 4 
hours. When the temperature reached 110 °C, 5 22 g of diisobutyl phthalate was added to the mixture, and they were 
kept at the same temperature tor 2 hours with stirring. Then, the solid produced was collected by means of hot filtration, 
and the solid was resuspended in 275 ml of titanium tetrachloride, followed by heating at 110 °C for 2 hours. Thereafter, 
the solid is again collected by means of hot filtration, and the solid was thoroughly washed with decane of 110 °C and 
hexane of room temperature until any titanium compound liberated in the washing liquid was not detected. Through 
the above procedures, a solid titanium catalyst component (A-1 ) was prepared. This solid titanium catalyst component 
(A-1 ) had a composition comprising 2.4 % by weight of titanium, 19.0 % by weight of magnesium, 1 2.4 % by weight 
of diisobutyl phthalate and 60 % by weight of chlorine, and no 2-ethylhexoxy group was detected. 

[Polymerization] 

Into a catalyst bottle thoroughly purged with nitrogen were introduced 20 ml of decane, 5 mmol of triethylaluminurn 
and 0. 1 mmol {in terms of titanium atom) of the solid titanium catalyst component (A-1 ), and they were stirred at room 
temperature for 5 minutes to obtain a decane slurry (C-1 ). 

Into a 2 liter autoclave was introduced 1 liter of purified hexane in a nitrogen atmosphere. Then, the atmosphere 
in the autoclave was changed to an ethylene atmosphere, the temperature of the system was elevated to 60 °C, and 
4 ml (0.02 mmol in terms of titanium atom) of the decane slurry (C-1) was added to the autoclave. 

Then, the temperature of the system was elevated up to 75 'C, and hydrogen was introduced in such an amount 
that the gauge pressure became 1 kg/cm 2 . Subsequently, ethylene was fed so that the gauge pressure became 8 kg/ 
cm2, followed by continuously feeding ethylene to keep the same pressure for 1 hour During the feeding procedure, 
the temperature was kept at SO °C. 
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After the polymerization was completed, the slurry containing a solid product was filtered and separated into a 
white powder and a liquid phase. The white powder thus obtained was dried at 80 °C for 10 hours under reduced 
pressure. 

The dried white powder (ethylene polymer) was measured on various properties in the same manner as described 
in Example 1 . The results are shown in Table 1. 



Comparative Example 2 

(Preparation of a solid titanium catalyst component (A-2)] 

In 1 liter of decane was suspended 0.75 mol of andhydrous magnesium chloride. To the resulting suspension was 
added 2.25 mol of 2-ethylhexanol. The temperature oi the system was elevated with stirring, and the mixture was 
heated at 120 *C for 2 hours to obtain a colorless transparent homogeneous solution. This solution still remained 
colorless, transparent and homogeneous, though it was allowed to stand for cooling to room temperature. 

In a 1 -liter glass fiask were introduced 400 ml of decane and 400 mmol (440 ml) of titanium tetrachloride in a 
nitrogen atmosphere, and they were cooled to O'C. To the flask was dropwise added 100 mmol (in terms of magnesium 
atom) of the above-obtained colorless transparent homogeneous solution over a period of 20 minutes using a dropping 
funnel. As soon as the solution was dropwise added, bubbling started, and the resulting mixture turned into an yellow 
suspension. After the addition was completed, the temperature of the suspension was elevated at a rate of 4 °C/min r 
and stirring of the suspension was continued at 80 °C for 1 hour. Thereafter, the solid produced was separated from 
the liquid phase using a glass filter in a nitrogen atmosphere, and the solid was washed with 2 liters of decane. The 
solid was resuspended in 900 ml of decane, and the resulting suspension was heated at 120 °C for 1 hour and 30 
minutes. Through the above procedures, a solid titanium catalyst component (A-2) was obtained. 

The solid titanium catalyst component (A-2) had a composttton comprrstng 8.1 % by weight of titanium, 55.0 % by 
weight of chlorine, 17.0 % by weight of magnesium and 0.04 % by weight of 2-ethylhexoxy group, 

(Polymerization] 



Into a 2-liter autoclave was introduced 1 liter of purified hexane in a nitrogen atmosphere, and the temperature of 
the system was elevated to 50 *C. To the autoclave were added 1.0 mmol of triisobutylaluminum and 0.02 mmol (in 
terms of titanium atom) of the above-obtained solid titanium catalyst component (A-2) ; and the autoclave was sealed. 
Then, hydrogen was introduced in such an amount that the gauge pressure became 4 kg/cm 2 . Subsequently, ethylene 
was fed so that the gauge pressure became 8 kg/cm 2 , foliowed by continuously feeding ethylene to keep the same 
pressure for 2 hours. During the feeding procedure, the temperature was kept at 80 a C. 

After the polymerization was completed, the slurry containing a solid product was filtered and separated into a 
white powder and a liquid phase. The white powder thus obtained was dried at 80 °C for 10 hours under reduced 
pressure. 

The dried white powder (ethylene polymer) was measured on various properties in the same manner as described 
in Example 1. The results are shown in Table 1. 

Comparative Example 3 



[Preparation of a solid titanium catalyst component (A-3)J 

In 88.4 ml of decane was suspended 19.1 g of magnesium chloride. Then, to the system was added 78.1 g of 
2-ethyJhexanoI. The temperature of the system was elevated up to 135 0 C. and the mixture was stirred for 4 hours 
while keeping the system at 135 °C, to obtain a colorless transparent homogeneous solution. After the solution thus 
obtained was cooled to 100 °C, 9.58 g of tetraethoxysilane was added thereto at 100 °C, and they were stirred at 100 
°C for 1 hour to obtain a magnesium chloride-containing decane solution. Into a 400-ml flask was introduced 200 ml 
of titanium tetrachloride, and the system was cooled to -20 °C. Then, to the flask was dropwise added 50 ml of the 
above-obtained magnesium chloride-containing decane solution (concentration of magnesium chloride: 1 mol/liter) 
over a period of 2 hours. The system was slowly heated, and the resulting mixture was stirred at 90 D C for 2 hours, 
followed by hot filtration. The solid obtained was washed with decane of 90 °C and then thoroughly washed with decane 
of room temperature, to obtain a solid titanium catalyst component (A-3). 

This solid titanium catalyst component (A-3) had a composition comprising 10.7 % by weight of titanium, 57 % by 
weight of chlorine, 12.0 % by weight of magnesium and 8.4 % by weight of 2-ethylhexoxy group. 

Into a 500-ml flask was introduced 400 ml of decane. To the flask was added 3.59 g of the solid titanium catalyst 
component (A-3) and were further added 20 ml of a decane solution of an aluminum compound having an average 
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composition of AI(0-i-C 3 H 7 )Cl2 (A I concentration: 1 rnol/liter)and0.l5 ml of isopropanol. The temperature of the system 
was elevated, and the resulting mixture was stirred at 150 °C for 3 hours. The solid produced was collected by hot 
filtration, washed with decane of 130 a C, and then thoroughly washed with decane of room temperature to obtain a 
solid titanium catalyst component (A-4). 
5 This solid titanium catalyst component (A-4) had a composition comprising 4 1 % by weight of titanium, 11 % by 

weight of magnesium. 49 % by weight of chlorine. 1 2.9 % by weight of aluminum and 0.2 % by weight of isopropoxy 
group. 

[Polymerization] 

10 

Into a 2-liter autoclave was introduced 1 liter of purified hexane in a nitrogen atmosphere, and the temperature of 
the system was elevated up to 50 °C. To the autoclave were charged 1.0 mmol of triisobutylaluminum and 0.02 mmol 
(in terms of titanium atom) of the above-obtained solid titanium catalyst component (A-4) : and the autoclave was sealed. 
Then, hydrogen was introduced in such an amount that the gauge pressure became 4 kg/cm 2 , subsequently, ethylene 
is was fed so that the gauge pressure became 8 kg/cm 2 , followed by continuously feeding ethylene to keep the same 
pressure for 2 hours. During the feeding procedure, the temperature was kept at 80 "C. 

After the polymerization was completed, the slurry containing a solid product was filtered and separated into a 
white powder and a liquid phase. The white powder thus obtained was dried at 60 °C for 10 hours under reduced 
pressure. 

20 The dried white powder (ethylene polymer) was measured on various properties in the same manner as described 

in Example 1. The results are shown in Table 1 . 

Comparative Example 4 

25 {Preparation of a solid catalyst component (A-5)} 

A 3-liter autoclave was thoroughly purged with nitrogen. Into the autoclave were charged 1.5 liters of purified 
kerosine, 75 g of anhydrous magnesium chloride, 109 g of ethanol and 1 0 g of Emasol 320 (sorbitan distearate, available 
from Kao Atlas Co., Ltd.). The temperature of the system was elevated with stirring, and the resulting mixture was 

30 stirred at 125 °Cfor20 minutes at 600 rpm. The pressure in the system was made 10 kg/em 2 -G using nitrogen. Then, 
a cock of a SUS (stainless steel) tube (inner diameter: 3 mm) directly connected with the autoclave and warmed at 
125 & C was opened, and the liquid in the autoclave was transferred into a 5-liter glass flask (equipped with a stirrer) 
in which 3 liters of purified kerosine cooled to -15 °C had been previously introduced. The amount of the liquid thus 
transferred was 1 liter and the time required for the transference was about 20 seconds. The solid produced was 

35 collected by filtration and thoroughly washed with hexane. 

To 12 g of the solid was added 200 ml of decane to give a slurry. The slurry was cooled to 0 °C and kept at the 
same temperature. To the slurry was dropwise added 1 25 mmol of diethylaluminum chloride over a period of 30 min utes. 
After the addition was completed, the slurry was kept at room temperature for 1 hour, then heated to 90 °C, and kept 
at the same temperature for 3 hours. Through this operation, organoaluminum was partly fixed onto the magnesium 

40 chloride. The slurry was allowed to stand, and the supernatant liquid was removed To the resulting material was added 
decane to give a slurry again. This operation was repeated twice Then, to the slurry, was added 200 ml of decane. 
and the resulting slurry was kept at 0 °C with stirring, followed by dfopwise adding thereto a mixture of 5 rnmol of 
vanadyl trichloride diluted with 10 ml of decane and 5 mmol of titanium chloride over a period of 15 minutes. After the 
addition was completed, the temperature of the system was elevated to 80 °C, and the system was kept at the same 

+s temperature for 1 hour. Then, the resulting solid product was collected by filtration and washed with decane until any 
vanadium and titanium liberated in the washing liquid were not detected, to obtain a solid catalyst component (A-5). 

[Polymerization] 

£ o Into a 2-liter autoclave were introduced 1 liter of purified decane, 2.0 mmol of triisobutylaluminum and 0.01 mmol 

(in terms of the total metal atoms of titanium and vanadium) of the solid catalyst component (A-5). After the temperature 
of the system was set to 40 "C, an ethylene gas was introduced so that the total pressure became 8 kg/cm 2 ^ and 
then polymerization was effected for 1 minute (first stage). Then, the ethylene gas was released, and a hydrogen gas 
was introduced so that the pressure became 1 kg/cm 2 -G. Subsequently, the temperature of the system was elevated 

ss to 70 *C, and an ethylene gas was again introduced so that the total pressure became S kg/cm 2 -G. and then the 
polymerization was restarted. Thereafter, ethylene was continuously fed so that the total pressure was kept at 8 kg/ 
cm 2 -G, and the polymerization was continued at 80 °C for 80 minutes. 

After the polymerization was completed, the slurry containing a solid product was filtered and separated into a 
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while powder and a liquid phase. The white powder thus obtained was dried at SO °C lor 10 hours under reduced 
pressure. 

The dried white powder (ethylene polymer) was measured on various properties in the same manner as described 
in Example 1. The results are shown in Table 1 . 

Comparative Example 5 

[Preparation ol a solid titanium catalyst component (B-2)] 

Into a 200-ml four-necked flask was introduced 100 ml of hexane at room temperature (26 °C) while purging the 
flask with nitrogen. To the ffask were charged 3 mmol {in terms of aluminum atom) of triethylaluminum and 1 mmol (in 
terms of titanium atom) of the solid titanium composite (A), followed by stirring at room temperature for 1 hour. After 
the stirring was cornpleted : the solid produced was separated from the liquid by means of decantation. To the solid 
was added hexane, and they were stirred. Then, a washing operation to remove the supernatant liquid through decan- 
tation was repeated three times, to obtain a solid titanium catalyst component (B-2). 

[Polymerization] 

Polymerization of ethyfene was carried out in the same manner as described in Example 1 except that the solid 
titanium catalyst component (B-2) was used in place of the solid titanium catalyst component (B). 

After the polymerization was completed, the slurry containing a solid product was filtered and separated into a 
white powder and a liquid phase. The white powder thus obtained was dried at 80 °C for 10 hours under reduced 
pressure. 

The dried white powder (ethylene polymer) was measured on various properties in the same manner as described 
in Example 1 . The results are shown in Table 1 . 



Comparative Example 6 

[Preparation of a solid titanium composite {A-6)] 

30 

Into a 400-mJ four-necked flask thoroughly purged with nitrogen were introduced 5 g (52.5 mmol) of anhydrous 
magnesium chloride and 190 ml of purified decane. To the flask was dropwise added 18,4 mi (315 mmol) of ethanoi 
at room temperature (26 °C) over a period of 45 minutes with stirring. After the addition was completed, the resulting 
mixture was stirred at room temperature for 1 hour. 
3S Then, to the mixture was dropwise added 17.2 ml {137 mmol) of diethylaluminum chloride over a period of,1 hour 

while controlling the temperature of the system in the range of 35 to 40 6 C. After the addition was completed, the 
resulting mixture was stirred at room temperature for 1 hour. 

Subsequently, 69.2 ml (630 mmol) of titanium tetrachloride was added to the mixture and they were stirred at 80 
°C for 2 hours. The reaction product was subjected to hot filtration using a glass filter equipped with a jacket to separate 
40 the solid from the liquid phase. The solid was washed with 600 ml of purified decane. 

Through the above procedures, a solid titanium composite (A-6) was obtained This solid titanium composite (A- 
6} had a composition comprising 4.8 % by weight of titanium, 2.2 % by weight of aluminum, 15.0 % by weight of 
magnesium, 56.0 % by weight of chlorine and 8.8 % by weight of ethoxy group. 

45 [Preparation of a solid titanium catalyst component (B-3)] 

Into a 200-ml four-necked flask was introduced 100 ml of hexane at room temperature (26 °C) while purging the 
flask with nitrogen. To the flask were added 3 mmol {in terms of aluminum atom) of triethylaluminum and 1 mmol (in 
terms of titanium atom) oi the above-obtained solid titanium compostie (A-6), followed by stirring at room temperature 
so for 1 hour. After the stirring was completed, the solid produced was separated from the liquid by means of decantation. 
To the solid was added hexane, and they were stirred. Then, a washing operation to remove the supernatant liquid 
through decantation was repeated three times. 

The resulting material was resuspended in 100 ml of hexane, and 58.4 ml of dry air was introduced into the gas 
phase zone, followed by stirring at room temperature for 1 hour. During the stirring, the volume decrease of the gas 
ss phase was measured using a gas burette. As a result, the volume decrease was 10.1 ml. 

After the stirring was completed, the solid produced was separated from the liquid by means of decantation. To 
the solid was added hexane, and they were stirred. Then, a washing operation to remove the supernatant liquid through 
decantation was repeated twice, to obtain a sofid titanium catalyst component (B-3). 
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[Polymerization] 

Polymerization of ethylene was carried out in the same manner as described in Example 1 except that the solid 
titanium catalyst component (B-3) was used in place of the solid titanium catalyst component (B). 
6 After the polymerization was completed, the slurry containing a solid product was filtered and separated into a 

white powder and a liquid phase. The white powder thus obtained was dried at SO "C for 10 hours under reduced 
pressure. 

The dried white powder (ethylene polymer) was measured on various properties in the same manner as described 
in Example 1 . The results are shown in Table 1. 
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*1: g-P&mmof -Ti 

*2 : a = teg MT * 0.4 x Jog MFR 

*3: immeasurable (occurrence of melt fracture) 



As is apparent from the results shown in Table 1 , the ethylene polymer of the invention satisfies the aforementioned 
properties (i) to (vii). Therefore, the ethylene polymer has a high density, a specific relation between the melt tension 
and the melt flow rate, a high swell ratio, a narrow molecular weight distribution (Mw/Mn, IvVz/Mw) and a g* value near 
to 1 . Such ethylene polymer is excellent in moldability. andf rom this ethylene polymer, a molded article which is excellent 
in rigidity and impact strength and almost tree from poor appearance can be obtained. 



Claims 

1. An ethylene polymer having the following properties (i) to (vii) that: 

(i) the density is in the range of 0.94 to 0.98 g/cm 3 , 

(ii) the melt flow rate, as measured at 190°C under a load of 2.1 6 kg, is in the range of 0.01 to 100 g/10 min, 
(iin,the melt tension (MT) and the mett flow rate (MFR) satisSy the relationship represented by the formula: 

logMT < -0.4logMER + Q. 75, 
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(iv) the molecular weight distribution Mw/Mn is in the range of 3 to 8, 

(v) the molecular wetghl distribution Mz/Mw is in the range of 2 to 5, 

(vi) the g* value, which is an index of a proportion of long-chain branches, is in the range of 0.90 to 1 .00, and 

(vii) the swell ratio is 1 .35 or more; 

wherein the parameters (i) to {vii) are measured according to the conditions as defined in the description. 

2. The ethylene polymer as claimed in claim 1 , which is prepared by the use ot an ethytene polymerization catalyst 
comprising: 

[f] a solid titanium catalyst component obtained by the contact with each other of oxygen and a solid titanium 
organometallic compound complex which is obtained by the contact with each other of 

(A) a solid titanium composite containing titanium, magnesium, halogen and a compound having at least 
two ether linkages present through plural atoms, which is obtained by the contact with each other ol 

(a) a liquid magnesium compound having no reduction ability, 

(b) a compound having at least two ether linkages present through plural atoms, and 

(c) a liquid titanium compound, and optionally 

(d) a precipitating agent. 

wherein at least one of said components (a), (b), (c) and (d) contains a haiogen-containing compound, 
and 

(8) an organometallrc compound containing a metal selected from Group I to Group III of the periodic 
table; and 

[II] an organometallic compound catalyst component containing a metal selected from Group I to Group III of 
the periodic table. 

3. A process for preparing the ethylene polymer as claimed in claim 1, comprising homopolymerizing ethylene or 
copolymerizing ethylene and other olefin than ethylene in the presence of an ethylene polymerization catalyst 
comprising: 

[Ij a solid titanium catalyst component obtained by the contact with each other of oxygen and a solid titanium 
organometallic compound complex which, is obtained by the contact with each other of 

(A) a solid titanium composite containing titanium, magnesium, halogen and a compound having at least 
two ether linkages present through plural atoms, which is obtained by the contact with each other of 

(a) a liquid magnesium compound having no reduction ability, 

(b) a compound having at least two ether linkages present through plural atoms, and 

(c) a liquid titanium compound, and optionally 

(d) a precipitating agent, 

wherein at least one of said components (a), (b), (c) and (d) containing a halogen-containing compound, 
and 

(B) an organometallic compound containing a metal selected from Group I to Group III of the periodic 
table; and 

[llj an organometallic compound catalyst component containing a metal selected from Group I to Group IN of 
the periodic table. 



Patentanspruche 

1. Ethylen-Polymer mil den folgenden Eigenschaften (i) bis (vii) : 
(i) die Dichte liegt im Bereich von 0,94 bis 0,98 g/cm 3 . 
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(if) der SchmelzfluGindex, gemessen bai 190°C unter einer Last von 2,16 kg, liegt im Bereich von 0,01 bis 100 
g/10 min, 

(ifi) die Scfimelzzugspannung (MT) und dor Schmeizflurjindex (MFFS) erfullen die Bezrehung gema R der For- 
me I: 

logMT < -0,4logMFFt + 0,75, 

(iv) die Molekulargewichtsverteilung Mw/Mn liegt im Bereich von 3 bis 8, 

(v) die Molekulargewichtsverteilung Mz/Mw liegt im Bereich von 2 bis 5, 

(vi) der g*-Wert, der einen Anzerger fur den Anteil an langkettrgen Verzweigungen darstellt. liegt im Bereich 
von 0,90 bis 1 ,00, und 

(vii) das QueJIverhaJtnis ist 1 ,35 oder mehr; 

worin die Parameter (i) bis (vii) unter den in der Seschreibung definierlen Bedingungen gemessen werden. 

Ethylen-Polymer gemafJ Anspruch 1 , das unter Verwendung eines Ethyfen-Polymerisationskatalysators hergestellt 
wird, der folgendes umfa3t: 

(I] eine teste Titan-Katalysatorkomponente, die erhalten wird durch Kontaktierung von Sauerstoff mit einem 
lesten Trtan-Organometell-Verbindungskomplex, dei erhaltefi wird durch KontaWierung von 

(A) einer feslen Tilan-Zusammensetzung, die Titan, Magnesium. Halogen und eine Verbindung mit min- 
destons zwei Etherbindungen, die Ober mehrere Atome hinweg vorliegen, enthalt, und die erhatten wird 
durch Kontaktierung von 

(a) einer flussigen Magnesium-Verbindung, die keine Reduktionsfahigkeit aufweist, 

(b) einer Verbindung mit mindestens zwei Etherbindungen, die uber eine Mehrzahl von Atome hinweg 
vorliegen, und 

(c) einer flussigen Titan-Verbindung. und wahfweise 

(d) einem Ausfaltmittel. 

worin nnindestens eine der Komponenten {a), (b), (c) und (d) eine halogenhaltige Verbindung enthalt, mit 

(B) einer Organometallverbindtjng, die ein Metafl, ausgewahlt aus der Gruppe I bis Gruppe III des Peri- 
od&nsystsms, enthalt; und 

[II] eine Organometallverbindungs-Katalysatorkomponente, die ein Metall enthalt, das ausgewahlt ist aus der 
Gruppe I bis Gruppe III des Periodensystems. 

Verlahren zur Herstellung des Ethylen-Polymers gema3 Anspruch 1, umfassend die Homopolymerisierung von 
Ethylen oder die Copolymerisierung von Ethylen mit von Ethylen unterschiedlichem Olefin in Gegenwart eines 
Elhylen-Poiymerisationskatalysators, der tolgendes umlaSl; 

[1] eine feste Titan-Katalysatorkomponente, die erhalten wird durch Kontaktierung von Sauerstoff mit einem 
festen Titan-Organometall-Verbindungskomptex, der erhalten wird durch Kontaktierung von 

(A) einer festen Titan-Zusammensetzung, die Titan, Magnesium, Halogen und eine Verbindung mit min- 
destens zwei Etherbindungen, die uber mehrere Atome hinweg vorliegen, enthalt, und die erhalten wird 
durch Kontaktierung von 

(a) einer flussigen Magnesium- Verbindung, die keine Reduktionsfahigkeit aufweist, 
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(b) einer Verbindung mit mrndestens zwei Etherbindungen, die uber eine Mehrzahl von Atome hinweg 
vorliegen, und 

(c) einer fiussigen Titan-Verbindung, und wahlweise 

(d) einem Ausfallmittel. 

worin mindestens eine der Komponenten (a), (b). (c) und (d) eine halogenhaltige Verbindung enthalt. mil 

(B) einer Organometallverbindung, die ein Melall. ausgewahlt aus der Gruppe I bis Gruppe 111 des Peri- 
odensystems, enthalt; und 

[li] eine Organometallverbindungs-Katalysatorkomponente, die ein Metall enthalt. das ausgewahlt ist aus der 
Gruppe I bis Gruppe III des Poriodensystems. 



Revendfeatlons 

1. Pofymere d'ethylene presentant fes proprietes (i) a (vii) suivantcs : 

(i) la masse volumique est dans la gamme de 0,94 a 0,98 g/cm 3 , 

(ii) I'indice de fluidite a fetal fondu, tel que mesure a 190°C sous une charge de 2.16 kg, est dans la gamme 
de 0.01 a 100g/10min. 

(iii) la tension de fusion (MT) et I'indice de fluidite a I'etat fondu (MFR) satisfont a ia relation representee par 
la formule : 

logMT < -0,4bgMFR + 0,75, 

(iv) fa distribution de masse moleculaire Mw/Mn (masse moleculaire moyenne en poids/masse moicculaire 
moyenne en nombre) est dans ia gamme de 3 a B, 

(v) la distribution de masse moleculaire Mz/Mw {masse moleculaire moyenne Z/masse moleculaire moyenne 
en poids) est dans la gamme de 2 a 5. 

(vi) la valeur g*, qui renseigne sur la proportion de ramifications a longue chaine. est dans la gamme de 0 90 
ai,00 : et 

(viij le rapport de gonflement est de 1 T 35 ou plus: 

sachant que les parametres (i) a (vii) sont mesures dans les conditions telles que definies dans la description. 

2. Poiymere d'ethylene selon la revendication 1, qui est prepare en utilisant un catalyseur de polymerisation d'ethy- 
lene contenant : 

fl] un composant sotide de catalyseur au titane obtenu par mise en contact d'oxygene et d'un complexe com- 
pose organometallique - titane solide qui est obtenu par mise en contact de 

(A) un composite de titane solide contenant du titane, du magnesium, un halogene et un compose ayant 
au moins deux liaisons ether presentes entre plusieLrrs atomes, qui est obtenu par mise en contact de 

(a) un compose de magnesium liquide ne presentant pas d'aptitude a la reduction. 

(b) un compose ayant au moins deux liaisons ether presentes entre plusieurs atomes, et 

(c) un compose de titane liquide, et facultativement 

(d) un agent de precipitation, dans lequel au moins un desdrts composants {a), (b), (c) et (d) contient 
un compose halogene, et 

(B) un compose organometallique contenant un metal chorsi parmi les Groupes I a Ml de la Classification 
Periodique; et [II] un composant de catalyseur de type compost organometallique contenant un metal 
choisi parmi fes Groupes I a III de la Classification Periodique. 
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Procede de preparation du polymere d'ethylene selon Ja revendication 1 , comprenant i'etape consistant a homo- 
polymeriser de I'ethyfene ou a copolymeriser de I'ethylene et une autre define que I'ethylene en presence d'un 
catalyseur de polymerisation d'ethylene comprenant : 

[I] un composant solide de catalyseur au titane obtenu par mise en contact d'oxygene et d'un complexe com- 
pose organometatlique - titans solid© qui est obtenu par mise en contact de 

(A) un composite de titane solide contenant du titane, du magnesium, un halogene et un compose ayant 
au moins deux liaisons ether presentes entre plusieurs atomes. qui est obtenu par mise en contact de 

(a) un compost cfe magnesium liquide ne presentant pas d'aptitude a la reduction, 

(b) un compose ayant au moins deux liaisons ether presentes entre plusieurs atomes, ei 

(c) un compose de titane liquide, et tacultativement, 

(d) un agent de precipitation. 

dans lequel au moms un desdits composants (a), (b). (c) et (d) contient un compose halogens, et 

(B) un compose organometalfique contenant un metal choisi parmi les Groupes I a III de la Classification 
Periodique, et [!!] un composant de catalyseur de type compose organometaliique contenant un metal 
choisi parmi les Groupes I a Ml de Ja Classification Periodique 
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